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What аге the new facts, the new knowledge 
we have learned about the weather? How 
are new developments in computers and in 
the field of space satellites beginning to turn 
the balance in the battle between man and 
his environment? What are the proposed 
new techniques which may someday enable 
man to control rainfall, hurricanes, floods 
and dry-spells? 


IN THE STORY OF WEATHER 


Captain David C. Holmes, United States 
Navy, answers these and other questions, 
as he tells the amazing story of weather and 
man’s age-old battle with it—and of the 
fantastic victory we may soon win. 


Captain David C. Holmes 


Captain David C. Holmes graduated from the 
United States Naval Academy in 1942. He spent the 
war years aboard destroyers in the Pacific Fleet and 
became a naval aviator in 1947, at Pensacola, Flor- 
ida. Shortly afterward he was sent to postgraduate 
training by the Navy and began his career in guided 
missiles at the Naval Missile Center, Point Mugu, 
California, in 1950. He has been associated with 
military guided missiles and space programs almost 
continuously since that time. 4 

Beginning with the Viking project, Captain Holmes 
has followed the development of the upper air re- 
search rockets since it was first begun in this country. 
In 1952 he served a tour with Weather Squadron 
TWO, the Navy's hurricane hunters, where he flew 
into the eye of some of the most violent storms ever 
seen in the Atlantic. His personal experiences in hur- 
Ticane flying are recorded in this book. 

Captain Holmes has written ten published books, 
five being fiction and five being non-fiction of the 
Popular science variety. Captain Holmes until re- 
cently was stationed in Washington, D.C. with the 
Defense Department's Advanced Research Projects 
Agency as a project manager for defense research 
Programs, He lives in Arlington, Virginia, with his 
wife and two children, 


| 


| DE THE WORLDS OF SCIENCE e METEOROLOGY 
[ w4 


Captain David C. Holmes, USN 


> 


PYRAMID PUBLICATIONS • NEW YORK 


T a 


LES, V в А 
fate 2 0 ‚05 
боен. No. 


For Squidge and Dian and David 


THE STORY OF WEATHER 


A WORLDS OF SCIENCE BOOK—Published, April 1963 


Second printing, November 1963 


Copyright, © 1963, by Pyramid Publications, Inc. All Rights Reserved 


Printed in the United States of America 


со бабу Re ee 


Worlds of Science Books are published by Pyramid Publications, Ince 
444 Madison Avenue, New York 22, New York, U.S.A. 


Table of Contents 


мою e = = مر‎ 
Сл ено EE 


SOMOS ао o со По 


Foreword 7 

The Last Unexplored Ocean 
The Majestic Roof of Air 18 
The Atomic Furnace 34 
Islands in the Sky 43 

Battle Lines in the Sky 51 
The Imperfect Balance 68 
The Twisting Winds 79 

The Hurricane 96 
Twenty-Five Thousand Prophets 
The Robot Forecaster 122 
Tiros, Nimbus and Aeros 132 
The Invisible Army 140 
The Electric Blanket 155 
Aerial Treasure House 162 
The Garden Planet 178 
Index 189 


Foreword 


THE ATMOSPHERE IS SO VAST THAT THERE ARE TWO MIL- 
lion tons of it for each person on earth. Yet 99 percent— 
or five billion million tons—lies within 19 miles of the 
earth's surface, encasing the globe in a soft, protective 
envelope. There is no other atmosphere like it in all the 
billions of space miles that scientists have been able to ex- 
plore with telescopes and rockets. The atmosphere shields 
us from the heat of the sun and the deadly perils of outer 
Space. It acts as a huge air conditioner to regulate the 
temperature of our world. It is a great wheel of electricity, 
of chemicals, and of water. 

The complexity of contemporary life hinders our under- 
standing and appreciation of the miracle of atmosphere. 
We are concerned primarily with its unpleasant aspects. We 
reflect upon it darkly when we are confronted with a fuel 
bill or a frozen radiator. When the forecaster commits 
himself to a sunny day and it rains, we regard this as 
a human failure. In the modern world it is sometimes hard 
to realize that weather, like the movement of the stars, is 
not regulated by a man-made ordinance, and that its prin- 
ciples are even now imperfectly interpreted and only par- 
tially understood. 

Although we have lived within the atmosphere since the 
beginning, we still seek the answers to many questions. 
What is the relationship between the circulations of the 
Northern and Southern Hemispheres? How does the at- 
mosphere transform the sun's energy through various stages 
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before it is ultimately dissipated? What is the effect of the 
variations in the earth’s surface on our climate? These 
and many other riddles must be solved before we can hope 
to control or even make long-range predictions of the 
weather outside our air-conditioned homes. 

Within a very few years, the United States will place in 
orbit a system of weather satellites that will provide a 
complete picture of the global weather pattern every few 
hours. The development of these automatic, space-borne 
weather observers must rank with the invention of the 
barometer as a milestone in the growth of accurate weather 
prediction. 

Surely these weather satellites and the use of radar to 
observe storms will be followed by many more new tools 
which will help us to understand the mysteries of the ever- 
changing ocean of air. Man is ingenious and possessed by 
‚а certain questing bent. No one can doubt that we are on 
the threshold of incredible discoveries in weather science 
which will have an exciting impact upon the shape of the 
future. 


Dr. S. Fred Singer 

Director, National 
Weather Satellite 
Center 

May 1963 


THE STORY OF 


WEATHER 


OVER OUR EARTH LIES A VAST; TED, SHORELESS 
sea. 

It undulates softly over the green and brown land bring- 
ing to us rain from the oceans, heat from the deserts, and 
cold from the arctic snow. Often this sea moves quietly 
without waves, but sometimes it rushes by with terrifying 
force at speeds up to two hundred miles per hour. We al- 
ready know many of its mysteries. As we seek to explore it, 
we fear no monsters as did the ancient mariners who first 

invaded the oceans. н 
^ The lower regions of the great sea of air contain the 
clouds, the rainstorms, and snowstorms, and the protective 
heavy gases which we breathe and which shelter us from 
the sun’s radiation and the wandering meteors. 

Above this layer is the stratosphere, thousands of fath- 
oms deep, at the threshold of eternal night where the stars 
always shine. For countless ages, the stratosphere has been 
a cold, forbidding, unexplored canopy. But during the past 
few years, man has ventured into the bottom of the strato- 
sphere—or perhaps we should say the top. He has found 
the entrance, seven miles above the surface of our earth, 
to be guarded by reefs of sparkling emeralds and diamonds 
beautiful beyond description. 

The upper half of the sea of atmosphere is one of violent 
contrasts and great peril for the new explorers who seek 
its conquest. Looking toward the sun, the astronaut is ex- 
posed to the naked force of its brilliance and heat. All 
other directions are immeasurably cold and dark. Silent, 
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deadly projectiles hurtle by at fantastic speeds. The upper 
atmosphere contains no living things and can support none. 
Neither the gilled fish of the ocean nor the plants and ani- 
mals of the land can live unprotected in this upside-down 
world halfway between earth and space. 

It is within this region, far above the jet contrails, that 
the first skirmishes in the battle to explore other worlds 
are being fought and won, even though man is capable 
of survival only in the gentle environment of earth. Fly- 
ing in space is altogether different from flying in air and 
it must be approached by taking one difficult and danger- 
ous step at a time. 

Two men, Commander M. L. Lewis, of the Navy's 
Bureau of Aeronautics, and Mr. Malcomb D. Ross, of the 
Office of Naval Research, were among the earliest visitors 
to the black-vaulted stratosphere. They made their jour- 
neys in a shining aluminum gondola attached to a delicate 
plastic balloon millions of feet in volume but with a skin 
about half as thick as a single page of this book. These bal- 
loons are called stratolabs by the scientists and sky hooks 
by most laymen. 

During their pioneering voyages, Lewis and Ross in- 
vaded only the lower reaches of the stratospheric ocean. 
Much like the explorers of old, they were forced to go 
where the strong winds took them. 

The gondola provided them with a carefully controlled 
bubble of the earth-bound lower atmosphere. For further 
protection, they were dressed in space suits which gave 
them the appearance of men from another world, which, in 
a manner of speaking, they were. 

The gateway to the stratosphere is reached at about for- 
ty thousand feet through a feathery shoal of cirrus clouds. 
But these clouds are not like those of the lower atmos- 
phere. They are made of ice crystals about the size of 
wheat grains, floating several inches apart in the thin gases 
of the outer air. 


Often, for several minutes at a time, the stratosphere 
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explorers were becalmed in an iridescent snow storm. The 
extremely bright sunlight sparkled through the ice crystals 
giving them the translucent brilliance of precious gems, 
flashing all the colors of the rainbow. Commander Lewis 
stated that this part of the trip was like riding through a 
shower of diamonds, rubies and emeralds, a rain of in- 
calculable riches. 

Beyond these sparkling gates lies the threshold of infin- 
ity. The stratospheric air is wonderfully clear, uncluttered 
by earth’s waste. The gondola enters a great, inverted 
bowl whose sides and top are sprinkled with stars against 
a cobalt background of eternal darkness. The rim turns 
violet and then is edged with green at the horizon‘ 

For humble man, accustomed to a world of far less con- 

trast, the experience is almost terrifying. He has a dream- 
like feeling of utter loneliness very much akin to the 
sensations described by those who have penetrated the still 
canyons of the ocean deep. 
„ Major David С. Simons of the Air Force’s Man High 
Project, which also explored the stratosphere, described 
the first sunset and sunrise ever viewed by human eyes 
from the fringe of space: 


“As I sat there in the capsule, my thoughts were 
interrupted by the most startling, most arresting sight 
I have ever seen and the one impression of my flight 
I will carry with me longer than any other: sunset 
through the pristine clarity of the edge of space. 

"Is is difficult to communicate its full beauty. 
Above the distant clouds a thin, reddish, salmon- 
‘pink band of atmosphere glowed as the sun edged 
below the earth’s horizon. The salmon glow was 
crowned by a strip of blue. The color was light and 
yet intense, as if someone had lifted a veil from an 
ordinary blue Sky to leave it polished and bright. And 
it was utterly clean, without dust and air to diffuse 
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it. Above, surprisingly, the stars were shining bril- 
liantly. 

“Later in the night, I watched a spectacular astral 
scene. It was Venus setting beyond the earth’s hori- 
zon. From my vantage point I was looking at the 
planet through two atmospheres of earth, like the 
two thicknesses of a glass tumbler when you look 
through the curved sides. As the light of Venus 
passed through the bands of atmosphere, the far- 
away planet twinkled slowly in brilliant colors: first 
yellow, then green, then red, as if someone were roll- 
ing a giant stagelight filter between Venus and my 
eyes. Each color held for about one second. 

“In the morning, I awoke just before the earliest 
rays of sunrise began to show against the distant 
horizon. Again I was moved and excited, just as I had 
been at sunset. I saw a green flash, a typically tropi- 
cal phenomenon at sunrise and sunset but a sight 
never before seen this far north. It occurs just as the 
sun’s first direct rays come over the knife-edge of 
the horizon—a sudden brilliant green flash of light 
which lasts only for an instant. If I had so much as 
blinked my eyes, I would have missed it. The flash 
was followed by the sun’s red rays as they shot 
through the atmosphere. It was beautiful." 


In order to report this baroque world of new colors and 
Strange sensations, Major Simons spent forty-two hours 
in the gondola, a good part of it more than nineteen miles 
above the earth's surface. 

Others besides Lewis, Ross and Simons have ventured 
beyond the lower layers of atmosphere. With the excep- 
tion of the Mercury flights, these have been brief leaps 
in high-speed aircraft like the X-15. The pilots have been 
preoccupied with the necessity of flying neither too fast 


nor too slow and they have had little time to enjoy the 
view. 
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The astronauts are the first living denizens of this earth 
to survey it with detachment. Not only have they been able 
to tell us much that is new about our own planet but they 
will surely be able to solve many mysteries about the others 
which orbit our sun. 

Astronaut John Glenn, aboard the Friendship VII, had 
this to say about his view of the earth. “As I looked back 
at the earth from space, colors and light intensities were 
much the same as I had observed when flying at high 
altitude in an airplane. The colors observed when look- 
ing down at the ground appeared similar to those seen 
from 50,000 feet. When looking toward the horizon, how- 
ever, the view is completely different, for then the black- 
ness of space contrasts vividly with the brightness of the 
earth. The horizon itself is a brilliant, brilliant blue and 
white.” 

Glenn was the first American to observe four sunsets 
during the same day, and he remembers this experience 
quite vividly: “As the sun moves toward the horizon, a 
"black shadow of darkness moves across the earth until the 
whole surface, except for the bright band at the horizon, 
is dark. This band is extremely bright just as the sun 
sets, but as time passes the bottom layer becomes a bright 
orange and fades into reds, then on into the darker colors, 
and finally off into the blues and blacks. One thing that 
surprised me was the distance the light extends on the 
horizon on each side of the point of the sunset.” 

According to Colonel Glenn, cloud formations, deserts, 
and other prominent surface phenomena can be seen clear- 
ly from orbital space. He describes thundershowers which 
he saw on his flight: “Just off the east coast of Africa 
Were two large storm areas. Weather Bureau scientists had 
wondered whether lightning could be seen on the night 
side, and it certainly can. A large storm was visible just 
north of my track over the Indian Ocean and a smaller 
One to the south. Lightning could be seen flashing back 
and forth between the clouds, but most prominent were 
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lightning flashes within thunderheads illuminating them 
like light bulbs." 

One of the favorite questions being asked by our child- 
ren today is: Where does space begin? Where, indeed? 
Surely this is a simple question deserving a simple answer. 

Unfortunately, each branch of science has its own rules 
for determining the beginning of space and the end of at- 
mosphere. Biologically, the doorstep is reached for animals 
at about 100,000 feet. The pressure existing at this alti- 
tude causes body fluids to flash into vapor. Animal eyes 
can no longer view even reflected sunlight without protec- 
tion, and no air is available to be drawn into animal lungs. 

The aerodynamicist is likely to say that space begins at 
the point where the earth's atmosphere becomes so rare- 
fied that it no longer behaves as a continuous fluid. The 
aircraft designer has reached outer space when his craft 
burns up as it seeks to fly fast enough to keep from falling 
down. For all practical purposes, the weatherman has 
reached space in the lower layers of the stratosphere. From 
here outward, his forecasts become monotonously the 
same: clear and sunny. 

The physicists, who are a bit like doctors when it comes 
to using difficult terms, describe space as a function of the 
collision-free journey of a molecule. This merely refers 
to the average or mean distance molecules will travel be- 
fore they strike others of their kind. At sea level, this 
means free path is about a millionth of an inch—as we all 
know, the surface of this planet is getting very crowded, 
even in the suburbs. 

At 70 miles above sea level, molecules will move for 
more than 50 inches before meeting a friend, and at 250 
miles this distance has increased to over 40 miles. We are 
still not sure what the collision-free path of molecules 
might be in true outer space, but we know that it is an 
enormous distance. There are only about a dozen mole- 
cules per cubic inch in space. Even the best vacuum we 
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have ever been able to create has contained several bil- 
lion molecules per cubic inch. 

The life-giving atmosphere not only protects us from 
lethal radiation and provides us with air, but it also filters 
out most of what is really happening in outer space. Until 
recently man has been like a deep-sea fish peering upward 
toward the light above, only dimly aware of the great 
universe beyond. Our first journeys into space are provid- 
ing the first clear window to this mysterious outer world. 

Where will these journeys take us? Perhaps the closest 
we can come to a realistic forecast were the words of John 
Glenn as he left the launching pad in Friendship VII: 
“The clock is operating. . . . We are underway. . . . All 
systems are go." 
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OF ALL THE STRANGE AND WONDERFUL MATERIALS WHICH 
shape our world, none is more miraculous than the chem- 
ical cloak of atmosphere. In the uncounted billions of 
space miles which they are able to explore, astronomers 
have discovered that about ninety per cent of cosmic mat- 
ter exists in the form of the lightest element of all: hydro- 
gen. The rest is mainly helium, the second lightest, while 
the remaining heavier elements comprise only two per cent 
of the total. Yet pure hydrogen and helium, so plentiful in 
the universe, are so hard to find in our atmosphere that 
their presence can be measured only with the greatest dif- 
ficulty. In an unparalleled reversal of the cosmic trend, 
the sea of air above us is composed of the dense, rare 
gases. 

How was this unique atmosphere created? And by what 
celestial vagaries were the vast quantities of hydrogen and 
helium evaporated from the air around our earth? These 
tiddles have long puzzled astronomers. 

Most scientists agree that billions of years ago an ex- 
plosion, so vast as to defy comprehension, convulsed our 
sun; the dust which was later to become the planets show- 
ered forth in space to cool. Later, as the worlds began to 
form, the baby earth's gravitational field was too weak to 
retain the lighter gases and these were boiled away into 
outer space by the mighty heat of the young sun. Then, 
through the long, dark millennia before the emergence of 
life, the heavier gases imprisoned beneath the cooling crust 
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of the earth bubbled forth. These were methane, nitrogen, 
and some carbon dioxide. The earth breathed them out- 
ward through cracks, volcanoes, and the dark rifts in its 
shell. Each discharge nurtured the thin atmosphere, and 
the impenetrable darkness of space was replaced by a sky 
already turning blue. Clouds formed and torrential rains 
lashed the primeval crust to gather in hollows and so start 
the oceans. The first bacteria acted upon the methane to 
convert it miraculously into carbon dioxide. Algae covered 
the seas with a thin, persistent scum and released oxygen 
by the mysterious process of photosynthesis. The cycle of 
life had begun. 

Thus, the rudimentary beginnings of life initiated the 
evolution of our present atmosphere, and the decay of 
early plants and the excreta of the first animals continued 
slowly to build the medium of air within which we survive 
and flourish. These processes replenish the atmosphere 
today just as the rivers replenish the sea; the air has be- 
come a growing medium with a composition varied and 
controlled by the evolutionary trends of the life it sup- 
ports with such bountiful care. 

When man became aware of the evolutionary process, 
he assumed that the sea had mothered the first life. This 
assumption developed naturally, since most living things 
are composed largely of liquid. The blood of man exhibits 
many characteristics of sea water; it is salty and contains 
most of the same elements. Furthermore, the oceans form 
a soft, protective medium with an even temperature very 
suitable for the first, viscous growth. Today, however, a 
good case can be developed to show that life originated, 
not in the sea of water, but in the sea of air. 

Most biologists agree that the first life probably existed 
as a complex protein molecule with one unusual attribute 
which differentiated it from all which had come and gone 
before: it could absorb other molecules and duplicate it- 
self from their materials. Such organic molecules possessed 
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the two basic requisites of life; they grew and they repro- b 
duced themselves. 

The building blocks from which the complex protein 
molecules evolve are the amino acids. For some years, 
scientists suspected that these could be made in the labora- 
tory by duplicating conditions similar to those found in 
the earth’s first primitive atmophere. Dr. Harold Urey and 
his associates once conducted an experiment to test this 
theory. They constructed a test-tube earth with the same 
characteristics which existed on our planet millions of years 
ago when life began. The atmosphere of this test-tube 
earth was composed of methane, ammonia, and hydrogen. 
Water which contained the same minerals as the primitive 
oceans was placed in the tube. Then the system was sealed 
and the water heated until a vapor, resembling that of the 
ancient clouds, formed..Small electrodes energized the cir- 
culating gases, producing a bombardment very similar to 
that of the powerful radiation beamed forth by the im- 
mature sùn which streamed down through the first atmos- 
phere. 

The system was allowed to steam its prehistoric brew 
for a week. Then it was disconnected and the contents 
were analyzed. Definite amounts of three amino acids were 
found, proving that these complex substances which exist 
in living tissue could have been created in the earth’s 
original atmosphere by chemical reaction. 

Doctor Urey and his associates do not claim to have 
created life in their test-tube earth, nor do they entirely — | 
understand the process by which the evolution of organic | 
matter took place. However, their findings do indicate that | 
such processes could exist. Had it been possible to provide 
in the test tube all the probabilities of the vast ocean of | 
air, and had it been practicable to maintain it for an in- 
definitely long period, we might have seen a replica of the —— 
first life-molecule come creeping up the evolutionary stairs. 

Perhaps these life-molecules were thus born in the 
clouds above the planet, spawned in the turbulence of the 
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lighting and the wind. Later they were rained upon the 
earth and, like all things, ultimately washed into the sea. 
Once within that mother bosom, they grew and evolved 
and multiplied until the oceans were teeming with them 
and life was firmly anchored upon the periphery of this 
globe. The sea life grew to invade the land; from this 
molecular beginning countless life-forms took shape. Yet 
all were bound by one common element: the atmosphere 
which nourished them. 

For each scientist, our atmosphere holds a separate in- 
terest. The chemist sees it as a source of raw materials— 
nitrates for explosives and oxides for solvents—a chemical 
warehouse, inexhaustible with the accumulations of history. 
The meteorologist is concerned with it as the sun’s partner 
in weather-making. To the aerodynamicist, the atmosphere 
is a fluid medium of travel like the surface of the sea. 
According to the space engineer it is a prison. Inevitably, 
each of the specialists in our sciences finds in the atmos- 
phere a factor to affect his calculations. 

But we need not be scientists to be aware of the won- 
ders our atmosphere creates for us. If some miracle made 
it possible to survive without breathing, how strange would 
be our awakening in an airless world: With no alarm clock 
to prompt us, we would awaken to a stillness complete and 
absolute. The world would be soundless without the air to 
carry the pressure waves which vibrate against our ear- 
drums. Breakfast would be a cold, dismal meal because 
no fire would burn. We would walk to our schools and 
our jobs since cars would not run without oxygen to ig- 
nite their fuel. The sky would be a dark, cobalt blue; the 
stars cold and unwinking-bysidesthe rising sun. There== 
would be neither: predawn “light 
atmosphere to Хе the sun 
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friction which causes them to burn themselves out before 
teaching the surface of the earth. 

We would acquire a new standard for temperature. After 
a bitterly cold night, the day would soon become unbear- 
ably hot as the thermometer rose swiftly above the boiling 
point of water. We should be forced to seek shelter from 
the sun, because the protective cloak of atmosphere would 
no longer be present to guard us from its killing cosmic 
rays. 

“These are but the barest few of the changes which 
would be encountered in an airless world. The most spec- 
tacular effects probably would be produced by the elimina- 
tion of atmospheric pressure. Automobile tires would swell 
up to several times normal size; many would burst. Our 
bodies would feel the tremendous effect of this decreased 
pressure which would release nitrogen into the bloodstream 

and thus make us victims of the deep-sea diver's disease 
called bends. Our skins would distend and stretch much 
like those of the deep-sea fish hauled to the sea’s surface. 

Only the astronomers would feel happier about our lost 
atmosphere, assuming they lived long enough to rejoice. 
Without the blurring cloak of air which, even on the best 
nights, distorts the images of the stars, they could solve 
many of the perplexing mysteries of the cosmic depths. 
They would quickly unravel the tantalizing question of the 
canals on Mars as they searched through an airless space. 
Many unknown galaxies would gleam pure and clear be- 
fore their amazed eyes and perhaps the full extent of the 
universe could finally be measured. 

In reality, the airless world would be a grim one. We 
would be tortured by unbearable heat in the daytime and 
incredible cold at night. Painfully huddled against our air- 
less and soundless earth, we would be doomed. Almost 
immediately all life would cease on this globe, 

This atmosphere, which provides the life-giving oxyge? 
for our lungs, exhibits awesome characteristics. It tower 
above us to form an ocean of gases hundreds of miles 
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high. As the blind deep-sea fish must bear the ocean pres- 
sures, so must we of earth's surface bear the weight of the 
gaseous sea. It presses down on our bodies with the crush- 
ing force of more than fourteen pounds per square inch. 
The narrow column of air which rests on our shoulders 
alone weighs almost two thousand pounds. We are so 
marvelously constituted that we do not even notice this. 
Nor do we often realize, as do our aircraft designers, that 
air has mass and weight. If we could empty the air in our 
living room into a milk can and weigh it, this “milk” 
would weigh four hundred pounds. 

The deep blanket of air is not of the same consistency 
at all levels, but instead is built more like a four-layer 
cake, each layer having its individual characteristics. 

The region immediately above the earth’s surface is 
called the troposphere. This is the heaviest and, to us, far 
the most meaningful part of our atmosphere. It accounts 
for three-fourths of the entire weight of air and contains 
substantially all the water vapor and carbon dioxide. With- 
in the troposphere, temperature falls about three degrees 
for each additional thousand feet of altitude; this region 
acts as a warm blanket to moderate the terrible extremes 
of outer space, 

The area between the troposphere and the next layer 
above is called the tropopause. The average height of this 
boundary varies from about twenty-five thousand feet 
above the earth’s poles to over fifty thousand feet at the 
equator. Along the tropopause lie strong high-velocity cur- 
Tents of air called the jet streams. These Olympian wind 
tunnels have a profound effect upon our surface weather, 
and will be discussed fully in a later chapter. 

The second layer of air above the earth is the strato- 
sphere, This portion of the atmospheric blanket contributes 
about twenty-four per cent of the total weight. Nor- 
mally we would expect that the farther outward we pro- 
ceed toward the absolute cold of space, the lower the 
temperature. This is not true in the stratosphere. Tempera- 
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ture is practically isothermal (the same) through the first 
twenty-five miles. Then, mysteriously, it begins to increase 
from 67° below zero to 170° above. 

The uppermost portion of the stratosphere is called the 
ozonosphere, and it absorbs a considerable portion of the 
deadly cosmic radiation from the sun. 

In the thin, soundless reaches above the stratosphere 
lies the third layer, the ionosphere. The limits of both the 
upper and lower regions of this area are subject to wide 
daily and seasonal variations. The presence of the iono- 
sphere was predicted by two electronic scientists named 
Kennelly and Heaviside in an attempt to explain the unique 
reception of radio waves noted by early operators. The 
ionosphere is so named because of the large number of 
ions which are present (ions are positively charged atoms 
which have lost some of their electrons). These mongrel 
atoms cause peculiar reflections of radio and radar waves 
which produce many unusual effects. When the ionosphere 
is disturbed by sunspots—which have a great influence 
upon its composition—we experience considerable radio 
interference in the form of static. Temperature in the 
ionosphere dips sharply from 170° to -27° and then in- 
creases rapidly to about 4000°. 

The outermost level of atmosphere, the exosphere, theo- 
retically has a lower limit somewhere between 300 and 


600 miles above the earth. Like the other layers, its bound- _ 


aries are subject to many variations. The air is so thin in 
this layer that the molecules are widely separated; many 
of them break away from the earth's magnetic field and 
become space travelers on their own. Because of this mole- 
cular wandering, there is no sharp upper limit to the 
exosphere. It is like steam which drifts upward from a 
tropical jungle and gradually disappears. Because of our 
nearness to the sun, the temperature remains about 4000* 
throughout the layer. The cold of outer space is bottom- 
less, near absolute zero. 


Through the first fifty miles of outward travel, the chem- 
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ical composition of the atmosphere remains constant, with 
a ratio of four parts of nitrogen to one part of oxygen. 
Beyond fifty miles, molecular oxygen separates into indi- 
vidual atoms; at two hundred miles the same thing happens 
to nitrogen. Within the upper regions of the exosphere, 
only hydrogen and helium are present. 

Although we have long been curious about our sea of 
air, the science of its study is relatively new and a great 
many questions remain to be answered. We are puzzled 
and know very little about the upper atmosphere, particu- 
larly with regard to the reaction of the atmosphere under 
the constant bombardment of solar radiation, Because of 
this and other reasons, we have so far been restricted in 
our flight to the lower regions. But we are not satisfied 
and scientists are busy launching unmanned rockets up- 
ward to probe metallic fingers into the atmospheric brew 
and bring back information which will enable us to go 
still a little higher. 

We do know that the multilayered atmosphere, in addi- 

"tion to protecting us, also provides our weather. Both of 
these duties are closely related, as we shall see. 

The most important effect of the atmosphere upon 
weather is caused by the penetration of the sun's rays. 
The great bubble around our earth provides us with a 
built-in air conditioner known as the Greenhouse Effect, , 
which allows the atmosphere to act as a trap for the 
sun's energy. Solar radiation comes to, us in relatively short 
waves which easily penetrate our atmosphere. Upon strik- 
ing the earth, these rays are transformed into the long 
waves of heat. The atmosphere, so generously allowing 
the short rays to penetrate, acts as a covering blanket 
against the longer waves and thus prevents loss of heat by 
radiation. This heat, which is collected in the air and upon 
the surface of the earth, supplies both the warmth neces- 
sary to support life and the energy to motivate storms and 
weather changes. It is the main basis for the statement that 
all our energy comes from the sun. 
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Another important role of the atmosphere in relation to 
weather is the transportation of water vapor. The air 
around the earth contains an average total of seventeen 
trillion tons of moisture. If this gigantic load were dumped 
suddenly upon the surface of the United States, it would 
cover the country with a blanket of water more than seven 
feet deep. Fortunately, nature has provided a more orderly 
distribution in the form of rain and snow. This precipi- 
tation is part of the cycle by which water is siphoned from 
the sea to replenish the flow of our rivers and irrigate our 
farms. 

As an example, the warm breezes blowing northward 
from the Gulf of Mexico carry vaporized moisture inland | 
for great distances. When this vapor is condensed and . 
deposited by rainstorms, it eventually drains into Lo 
Mississippi and flows back into the Gulf again. The world- 

wide result is like a gigantic, endless conveyor-belt by 
means of which water is brought to the land. 

As modern technology has advanced, the frontiers of 
science have moved upward into the atmosphere and the 
nebulous void which lies beyond. Each year the space 
probes penetrate higher and higher. The German V-2 rock- 
ets and the Navy's early Vikings have been replaced by 
the Atlas Centaur and the Friendship VII. We have al- 
ready crossed the threshold of a new era. Space travel, no 
more than a wild dream a decade ago, has become a 
reality. 

But man's atmosphere is also his prison. Many barriers 
remain to be crossed before we can live without the sup- 
port of its protective features. Space travel is more than a 
matter of transportation; it is a matter of reproducing life's 
environment in capsule, self-replenishing form. 

Any human probing into space must begin with con- 
quest of the atmosphere, for air is to us as sea is to fish. 
The ocean surface is the roof of the shark's world, and the 
lowest atmospheric layer, the troposphere, has been the 
ceiling on man through all past ages. Going out farther 
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requires that we take with us a bubbie of the atmospheric 
temperature, pressure, and elements within which we are 
mortally bound. 

Long before man had crept into the stratosphere, he 
realized that he would need a space suit that could dupli- 
cate atmospheric pressure and temperature, and thus be 
a sort of portable environment. The Navy developed the 
first such outfit, known as the Gorilla Suit to the uncom- 
fortable airmen who were required to wear it. The Gorilla 
Suit was designed on the same principle as an automobile 
tire. The pilot is simply encased in a huge rubber suit 
which is inflated to atmospheric pressure. Unfortunately, 
his arms and legs then become almost immobile, making 
it most difficult for him to work or even move. ` 

A second type of suit was designed for the Air Force, 
but it has not proved to be ideal, either. This item is called 
the partial pressure suit for the very good reason that it 
does not fully compensate for the loss of atmosphere. How- 
ever, a pilot wearing it might be able to stay alive for 
"about ten minutes in a vacuum. The partial pressure suit 
must be individually fitted. It consists of a very tight 
covering with long tubes of cloth leading to the arms and 
legs. Upon loss of atmospheric pressure, these pipes are 
filled with high pressure air which tightens the suit so that 
enough pressure is maintained to keep the body fluids 
from vaporizing. The hands and neck, which are not pres- 
surized, become swollen and painful after a few moments. 
This suit is used as a safety device and is not relied upon 
às a permanent means of surviving on the edge of space. 

Colonel John Glenn was safely encased in a modified 
version of the Navy's Gorilla Suit during his epic three- 
orbit flight around the earth on February 20, 1962. Each 
of the astronauts has one of these suits which has been es- 
pecially tailored for him. Many improvements have been 
made to the original Navy design. A pressure seal, for 
example, has been provided around the astronaut’s wrists 
so that his hands can be used to better advantage. Minia- 
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ture needlelike red finger lights are attached to the index 
and middle fingers of both gloves. These are powered by 
batteries on the back of the gloves and they provide il- 
lumination so that the astronaut can read his instruments 
as he passes from daylight to darkness. In order to insure 
that the astronaut's life is a comfortable one on the earth 
as well as in space, a portable, lightweight ventilator sys- 
tem is available to provide suit cooling when he is not at- 
tached to the artificial atmosphere of the space capsule. 

In addition to the artificial atmosphere provided by his 
space suit, the astronaut carries with him a second man- 
made climate which is contained by the space capsule it- 
self. The temperature and pressure of the cabin are about 
the same as those of the suit so that the astronaut can 
survive if either one fails. 

The efficiency of the temperature control system is one ' 
of the true miracles of modern science. During re-entry, 
the air within the astronaut's space suit is held at a tem- 
perature of about 85°. Only a few inches away, on the 
surface of the heat shield, the temperature rises as high 
as 3000*! During orbit, the outside skin temperature of 
the capsule may vary from +200° to -50°. Inside his 
space suit, the astronaut carries out his chores at a com- 
fortable 65° to 75°. 

Astronaut John Glenn had this to say about the tem- 
perature control within Friendship VII: “I did not feel 
particularly hot until we were getting down to about 
80,000 to 75,000 feet. From there on I was uncomfort- 
ably warm and by the time the main parachute was out І 
was perspiring profusely." During this period of maximum 
heating, the retropack was burning up and flying by 
Glenn's observation window. The heat shield glowed with 
an orange color, so great was the heat of friction. 

Since all our thoughts are geared to the conditions exist- 
ing on the earth's surface, it is hard for us to appreciate 
the hazards of high-altitude flight. As an example, tests 
show that a pilot suddenly exposed to the low pressure 
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encountered at a height of 25,000 feet loses consciousness 
within three or four minutes. This has given rise to a new 
concept called useful consciousness. An ayviator’s useful 
consciousness decreases rapidly with height. At 30,000 feet 
it is one minute; at 50,000 feet it has dropped to about 
fifteen seconds. In the space of the astronauts, man has no 
useful consciousness once he is exposed to the elements. 

Why do we lose consciousness at high altitudes? 

The reason is a graphic illustration of our dependence 
upon the atmosphere. At 50,000 feet the outside air pres- 
sure has fallen to the air pressure inside human lungs. 
Since the diaphragm acts as a bellows to produce this low 
pressure and thus draw air into the lungs, there is no 
manner whereby a human can breathe above 50,000 feet 
in the free atmosphere, and man becomes exactly like a 
fish out of water. He gasps futilely as his lungs exhaust 
the air in them and can obtain no more. Within fifteen 
seconds, the oxygen stored in the brain tissues is reduced 
to the point at which consciousness is lost. In the light of 
these facts, the need for a space suit which will accom- 
modate itself to pressure changes and insure an adequate 
Oxygen supply is quite apparent. 

The fate asy toward the planets will become 
the loneliest creature of all time. Beyond his own atmos- 
phere, he is an alien venturer into an unfamiliar and terri- 
fying environment. Because of inherent physical ties with 
his own world, there is no other known planet on which 
he can survive. This fact is illustrated by the following 
table which provides some comparative data on the at- 
mospheres of the nearby planets which will be explored 


early in the conquest of space. 


Approximate Surface Atmospheric 


Planot Temperature Pressure _ Elements 
(Lbs. per sq. in.) 


Venus 122° to-212° 2.3 Nitrogen | 
carbon dioxide 
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Approximate Surface Atmospheric 
Planet Temperature Pressure Elements 
(Lbs. per sq. in.) 


Nitrogen, water, 
Earth 50° 14.7 oxygen, argon, 
carbon dioxide 


Nitrogen, water, 


Mars 0° 1.1 carbon dioxide, 
: argon 
Hydrogen, 
Jupiter —184° 75 methane, 


helium, ammonia 


Saturn -238° 75 Same as Jupiter 


One of the striking features revealed by this table is the 
lack of oxygen on other planets. This is one reason why 
space travelers must take their own atmosphere with them, 
and why any permanent habitation of other worlds must 
remain a future dream. Generally speaking, the smaller 
planets, such as Venus, Earth, Mercury, and Mars, have 
atmospheres which contain such heavy gases as nitrogen, 
carbon dioxide, argon, and water vapor. The larger planets, 
Jupiter and Saturn, have atmospheres composed of the 
lighter gases: hydrogen, ammonia, helium, and methane. 

Meteorology applied to other planets is a relatively new 
science. The object of such study is not only to supply 
information for future space travelers but also to learn 
more about the atmosphere of the earth, since certain 
atmospheric factors are better viewed from the outside 
looking in. 

Mars is the planet which most resembles the earth in 
climate and composition. Since it is also the closest, the 
surface and surrounding gases have been studied eagerly 
by both astronomers and weathermen using the latest as- 
tronomical tools. 

Schiaparelli, the Italian astronomer, startled the nine- 
teenth-century world when he published his discovery of 
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the famous canals of Mars in 1877. The early part of this 
century witnessed many studies of Mars, and considerable 
debate resulted. It soon became apparent that an intricate 
spider-web of lines was faintly visible on the best nights 
through large telescopes. They could be seen only by cer- 
tain astronomers with exceptional vision. Many scientists 
doubted their existence altogether, while others considered 
them no more than surface cracks. 

About one definite discovery, however, there could be 
no possible doubt: The polar regions of Mars display a 
glittering whiteness which waxes and wanes with the 
changing seasons. Percival Lowell, who founded an ob- 
servatory with the express purpose of studying the planet, 
insisted that the colors of the canals changed in intensity 
during the year. He believed that the canals became more 
pronounced as the polar icecaps faded away. His theory, 
coupled with the controversy over the canals themselves, 
led to widespread speculation about the possibility of life 
on our neighboring planet. 

Modern instruments have provided only a few of the 
answers to the riddle of Mars. The atmosphere contains 
three distinct layers. From six to twenty miles above the 
Surface, there appears a stratum of thin blue-white clouds; 
these seem to be made of fine ice crystals. Between a 
height of three and six miles there exists a thin violet 
haze which seems to be composed of either ice crystals 
or water vapor. Just above the surface are yellow clouds 
of dust and sand. 

On Mars, the temperature varies with the season and 
latitude justas it does on earth. However, Mars is farther 
away from the sun, and the average daily temperature 
hovers near zero. The atmosphere is very thin, at the sur- 
face being equivalent to that of our ten-mile-high strato- 
sphere. This reduces the Martian Greenhouse Effect, and 
the daily temperature extremes are much greater. At noon 
on a summer day, the temperature will rise to 100° at the 
equator; the same night, it drops to -30°. Two-thirds of 
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the surface is covered by a reddish, arid desert. The polar 
icecaps are thin, with an average depth of less than one 
foot. As they melt, a dusky blue color spreads over por- 
tions of the planet. The same hue has been reproduced 
by sunlight reflected from certain lichens and mosses found 
on the earth. The new space-based observatories may pro- 
vide additional facts about Mars, but most astronomers 4 
are now convinced that there is no animal life as we know 
it on the planet. 

Venus is nearest the earth in size, but because of its 
Proximity to the sun, we know little about its atmosphere. 
Venus rotates very slowly; one day on the planet is equal 
to three weeks on the earth. There are only small amounts 
of water vapor in its atmosphere and almost five hundred 
times more carbon dioxide than is present around the 
earth. Observed atmospheric clouds are believed to be 
composed mainly of dust. 

Meteorologically speaking, Jupiter and Saturn are very 
mysterious. They both have definite dark belts and light 
zones parallel to their equators. Jupiter has a dense, swirl- 
ing atmosphere composed largely of methane’and ammonia 
gases with traces of hydrogen and helium. Examination of 
this atmosphere is limited to the upper levels which con- 
tain huge, opaque clouds which obscure the surface be- 
low. A gigantic, mysteriously crimson oval 30,000 miles 
long and 7,000 miles wide, called the Great Red Spot, 
is located near the equator. This phenomenon has been 


observed in the same position for the last seventy years. 


The Spot is explained by scientists as being a disturbance 
in Jupiter’s upper atmosphe: 


te similar to the great cyclonic 
storms recently discovered about 30,000 feet above the 
earth. Most astronomers believe that these upper ait 
storms would appear as white Patches to observers from 
other planets. 

Through these studies of the atmosphere and weather 
of other planets, we hope to search out the secrets of our 
Own air-envelope and thus prepare for the day when man 
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emerges from his planetary cocoon. Most of the facts ex- 
plained in this chapter were unknown at the beginning 
of the century; many of them were understood imperfectly 
as late as fifteen years ago. Even today some of the funda- 
mental relationships within our atmosphere are mysteries. 
But there is constant progress, and the curtain is lifting 
so rapidly that the face of our world seems constantly to 
change. As we venture further into space, the next few 
years will certainly produce greater understanding of our 
atmosphere and its functions. Perhaps the fruits of this 
knowledge will enable us to harness the roof of air and 
make it do our bidding just as we now are learning to 
control the atom. For there is no conquest so unattainable, 
no scientific advance so awesome that man does not dream 
of achieving it some day. 
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THE OCEAN OF ATMOSPHERE WHICH SURROUNDS US HAS 
provided a canopy over the earth for untold ages, It 
would appear logical that this sea of air would long ago 
have stabilized into a soft, still envelope so that now there 
would be no thunderstorms, no sudden gales, no lashing 
rain. The reasons why this is not so are simple, although 
they puzzled man for many centuries. It is only lately that 
we have become aware that our atmosphere is like soup 
steaming in a gigantic kettle, churned and boiled by the 
radiant heat from our sun. 

Man lives crablike, near the surface of his sphere, im- 
prisoned in a delicately balanced medium between two 
fires. The panoramic sweep of heaven which infolds his 
spinning globe simmers at an ambient 4000°, hot enough 
to melt the finest tempered steel. His tentative probing at 
the earth underneath him finds the temperature rising 
sharply over the boiling point of water at depths of two 
miles. Deeper still at thirty miles it leaps to 2000°, and 
the central core where ancient men assigned the damned 
for eternity is a molten mass boiling at 10,000°. It is only 
within the narrow skin of union between earth and sky 
that the temperature and the elements miraculously com- 
bine to form an environment which permits his existence. 

But the temperature variations which lie above and 
below us, extreme though they be, are minor compared 
with the mighty heat of our sun. Most of us have not yet 

34 


The Atomic Furnace / 35 


seen—and we hope will never see—the explosion of an 
atomic bomb, yet daily we watch the hydrogen bomb at 
work. For the sun is a vast ball of just such explosions as 
we are now attempting to create in our laboratories. These 
eruptions are of gigantic power and terrible efliciency, 
shooting flames more than 150,000 miles into space. They 
are the result of the energy released by the conversion of 
hydrogen into helium. The tremendous heat generated by 
this transformation produces a surface temperature of 
10,000° and an estimated 20,000,000° inside the sun, 
lighting the planets and providing warmth so that the thin 
green film of life can survive on the periphery of this earth. 

When Einstein established the equivalence of mass and 
energy, he ushered in an age during which many startling 
facts have become evident. The sun, for example, daily 
radiates an enormous quantity of energy. Since energy and 
mass are mutually convertible, the solar radiation corre- 
sponds to a weight loss in the sun of nearly 5,000,000 
fons per second. The earth absorbs 150 tons of this mass 
each day. The sun has been burning for more than two 
billion years, but it is so vast that only one-tenth of its 
hydrogen has been lost in this energy-making process. At 
the present rate, it will be another eighteen billion years 
before the big light goes out. 

The sun is the great architect of life. This can be seen 
in the mute testimony of the flowers as they turn their 
faces hourly toward the warm, life-giving rays while the 
Sun sweeps around the curve of earth. It can be seen in 
the abundance and vitality of life which reaches skyward 
under the direct heat of the tropical sun near the equator. 
It is felt within man himself as he seeks the warm sunlit 
climates during the cold winter months. And although the 
Necessities of living mechanisms are many, none are so 
vital as those given out by the sun. Its energy provides the 
vehicle by which plants "digest" their food; its warmth 
maintains the delicate balance of temperature which al- 
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lows the existence of the flesh of animals and the liquid 
state of water. 

But with all his realization of its importance, man un- 
derstands the workings of the sun hardly at all. Until the 
turn of the century scientists thought that the sun was 
merely in the process of cooling after having been heated 
by the mighty primordial flame of creation. But the energy 
equations available today show that such a lifeless body 
would lose its power to radiate heat in approximately 
3,000 years. Since the geological time clocks found on the 
earth’s face prove that the sun has lighted the world for 
many millions of years, the cooling theory was discarded. 
Now most scientists agree that the sun’s energy must come 
from that which is stored within the atom. 

As man peers at the sun through his astronomical tools 
the telescope and the spectrohelioscope, he finds many 
things which still puzzle him. There are vast, whirling 
storms which fill his eyes with wonder, He can photograph 
EIS E DEO which erupt violently, sending 
he ee a E ame far outward into space, and 

dark spots which often grow to sizes 
much larger than this earth. But the reasons behind these 
and other solar phenomena elude him. He knows that the 
sun is millions of degrees hot, but the highest temperature 
he has been able to generate in his laboratories is on the 
order of 12,000°, and the effect of this solar heat upon the 
structure and composition of matter remains far beyond 
his present knowledge. 

The mighty pressures existing within the molten shell of 
the sun are measured in thousands of tons per square inch. 
But the greatest pressure man can generate approach 
these only as a grain of sand approaches the desert. The 
vast core must be liquid because no material known or 
imagined could exist as a solid in such intense heat. But 
this liquid is like no other liquid wthin the limits of -our 
experience, for the extreme pressure at the core could 
crush the molecules of all substances into a density far 
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beyond anything we know. We can only guess at the 
changes this produces in the basic atomic structure of mat- 
ter since it is not within our present abilities to investigate 
them. 

If the observers from other celestial systems know of our 
existence at all, it is only because of the radiated light from 
our beacon sun. The energy it releases permeates all the 
planets of the solar system and extends beyond them to 
the outer reaches of space to become a true link with in- 
finity. The powerful effects of this radiant energy, unevenly 
absorbed by our planet, together with the rotation of the 
earth produce the great circulation patterns of the at- 
mosphere and are the basic cause of all our weather. 

The key to an understanding of weather phenomena lies 
in a knowledge of these circulation patterns. They are pro- 
duced, not by the sun alone, but also by the rotating earth; 
however, in order to simplify the picture, let us first assume 
that the earth is stationary. Thus we will be able to see 
clearly just what effect the radiation of the sun has upon 
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The rotating earth superimposes on these basic north- 
south air currents another and more complex flow. As the 
earth rotates, so does its atmosphere. And since outer 
space is wholly frictionless, the mass of atmosphere keeps 
pace with earth. At the equator, the earth’s circumference 
is large, almost 25,000 miles. Thus the air at the equator 
turns through 25,000 miles of space each day. Since the 
earth likewise moves at this speed, there is little or no sur- 
face wind at the equator. 

As the tropical air, heated by the sun, rises to take its 
long northward path to the poles, it maintains this rotary 
speed. But as it moves north, the earth’s circumference 
rapidly grows less, and the earth’s surface speed dimin- 
ishes proportionately. Hence, as the equatorial air travels 
northward, it moves faster than the surface below, and 
the middle latitude winds are born. These winds seem to 
rise in the east and for this reason they are called easter- 
lies. In this manner, the north-south winds produced by 
the sun’s heat are twisted unevenly to the west, and the 
winds of the earth blow askew across her surface. 

These simple patterns become enormously complicated 
because of the earth’s surface characteristics. Some areas 
absorb more heat than others. Mountain ranges deflect the 
winds into scattered shards. Winds en route to the poles 
at high altitudes lose their heat, sink, and form swirling 
eddies with the surface streams below. 

A complete discussion of the earth’s flow patterns is 
far too complicated for this book, but the effects are in- 
teresting. At the equator the breezes are light, and the 
pressure is relatively low. This belt is called the doldrums 
and was shunned by the weather-wise captains of sailing 
vessels in ancient times. In parallel bands on either side 
of the equator are the twin belts of easterlies known as 
the trade winds. They were a boon to many generations 
of mariners who plied the seas from Europe in their sail- 
ing vessels searching for commerce in the New World. 
Above the trades lie the prevailing westerlies, currents of 
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the temperate latitudes where most of our weather is 
brewed. The frigid polar easterlies chill the ends of the 
earth and complete the general circulation pattern. 

To an observer in space, the earth would appear ringed 
with wind bands, flowing alternately east and west—a 
planetary barber-pole. 

Our visitor in the space suit would be quick to observe 
that in two localities, one just under the polar easterlies 
and the other at the equator, opposing flow systems meet. 
These boundary regions are called fronts—the polar front 
and the inter-tropical zone of convergence or equatorial 
front. Both are low-pressure areas created by the ascen- 
sion of surface-heated air to higher altitudes, and both are 
characterized by storminess and bad weather. In the 
United States we are primarily concerned with the polar 
front. The waves and nodes which form in it during the 

winter months invade the temperate zone to produce most - 
of our cold weather. і 
The radiant power of the sun, beating down on a pol- 
ished earth, would produce the circulation effects we have 
noted. But the earth is not a mirror which reflects the 
sun's radiation uniformly. The great oceans absorb and 
Store the atomically generated heat and act as a giant 
thermostat to dampen changes of temperature in our at- . 
mosphere. Sea currents carry tropical heat to wash lands 
Which would otherwise be snow-encrusted. Half our world 
Owes its mild climate to the heat-charged Gulf Stream. 
The land, the mountains, the valleys and the low, level 


plains—each mirrors the sun's energy differently and so 
shapes the local climate, 
The earth's varying geography thus alters the balance 
Of temperature throughout the world. Most of the land 
and the highest mountain ranges lie in the Northern 
Hemisphere, This unbalanced distribution, coupled with 
Ee fact that three-fourths of earth’s surface is covered by 

ater, produces major temperature changes. If the earth 
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were an ideal sphere, the North and South Poles 
would be the coldest regions. In the Southern Hemisphere 
this is almost correct. However, the northern cold pole is 
located in Siberia, almost one-third the distance down 
toward the equator. 

The heat equator, or band of hottest temperature, varies 
with the path of the sun. Generally it is attracted north- 
ward by the continents. During the summer months it 
extends into the United States through the California val- 
leys and sometimes almost up to the Oregon border—forty 
per cent of the distance to the pole. 

The net result of coalescing sun, atmosphere, rotation, 
and geography is inconsistency and fluctuation. Although 
the steady, ageless sun is the prime mover of our weather, 
it is forever different and unpredictable. Yet miraculously 
these weather variations are but the merest ripples in the 
galactic scale and always remain within the incredibly thin 
limits necessary to foster the fragile, jelly-like growth of 
life upon our planet. 

As the day starts with the sun and sets with the sun, so 
does all else. The total influence of the sun upon the earth 
is today only partially understod and dimly realized. If it 
were not for the circulation of the atmosphere caused by 
the great lamp’s heat, huge pools of oxygen would stagnate 
over the jungles near the equator. Without the controls 
provided by the flowing air, large areas of the earth would 
become unbearably cold and terribly hot. We know little 
of the cosmic radiation in its pure form; but that little 
links its energy units directly into the basic life processes. 

There are many possibilities which may bring an end to 
life on this globe: A new chemical in the gaseous en- 
velope of atmosphere; a single mutation in a presently 
unremarkable microbe; a sudden shift in the delicately 
balanced gravitational field—any of these might sweep the 
living world away. But thereafter, new life would grow as 
the sun moved northward for the next spring. Only when 
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the cinder grows cold, only when morning comes with no 
warmth and no light will the world be truly dead. And on 
that blank and patternless day when the sun dies, then 
only can we say with certainty that the zero cold of time- 
less death will settle on the face of this earth. 


4 / Islands in the Sky 


THE GREAT WIND PATTERNS OF THE EARTH HAVE BEEN 
known and used by men for many centuries. Since these 
air currents carry our weather with them, it is surprising 
that the tricks and variations of the global weather pat- 
terns baffled the human mind for so many generations. 

The problem persisted primarily because of false beliefs 
rather than false weather observations. The early weather 
prophets believed, reasonably enough, that the canopy of 
air covered the earth with a uniform, protective blanket 
having the same characteristics at the equator and the 
poles. Weather was assumed to be a local phenomenon 
and many false trails were generated in the search for 
the weather-producing elements. Primitive peoples ex- 
plained weather even more simply. It was a form of 
punishment or reward visited upon them by the deities. 
Good weather came from benevolent, happy gods; storm 
and drought meant that these overlords were angry. The 
beating of drums and the offering of sacrifices were 
the best way of appeasing their wrath and changing the 
Weather. 

The early scientists and primitives were both wrong. 
The world-wide weather observations of today have estab- 
lished the fact that the air over us is divided into huge 
air masses—continents of air drifting wth the winds of 
earth. These air masses have vastly differing characteris- 
tics and, as they drift over our part of the world, they vary 
our weather and cover us with alternate umbrellas of rain, 
Snow, or sunshine. 
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' Although the theory that the atmosphere is divided 
into distinct and separate islands of air is less than sixty 
years old, it has already solved many of the riddles of 
weather phenomena. It explains those cold days in May 
and why the southwestern air of the United States is so 
clear. It unravels the puzzle of the thunderstorm and the 
reason for the California fog, and it allows our weather- 
men to predict the weather with an average correctness 
of over eighty-five per cent. Like the clue in the detective 
story, it was there all the time. 4 

Basically there are only two sources of weather air. 
The most important one is the polar region where the great 
winter air masses are born. These are, obviously enough, 
formed of cold air; since cold air does not hold much 
moisture, the polar air masses are relatively dry. The sec- 
ond source lies near the equator. This is the spawning 
ground of the tropical air masses which are warm, wet, 
and heavily cloud-laden. 

The polar air masses are built in the higher altitudes 
above the fortieth parallel over the arctic seas or the ice- 
capped lands near the poles. Continental polar air masses 
originate primarily near the desolate tundras and waste- 
lands of Canada and Siberia. The polar air mass called 
maritime polar forms over water. Most of the snow which 
falls on the United States comes from the clouds generated 
in one of these air masses. 

The tropical air masses, 
erally created in the equato: 
of Cancer and the "Tropic 
ical air masses are not ge 


as the name implies, are gen- 
rial regions between the Tropic 
of Capricorn. Continental trop- 
: nerally associated with our con- 
tinent, but are formed over the arid lands of the Middle 


East, Africa, and Australia. Occasionally one of these air 
Masses will form over Mexico and extend into our south- 
Western states. This type of air is bone-dry—so dry that 
it holds no further interest for us, 

Maritime tropical air masses breed over the warm 
equatorial waters, As а consequence, these air masses ab- 
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sorb enormous quantities of water vapor and are extremely 
cloudy. 

In addition to these basic types, meteorologists have 
given names to smaller air masses because of their extreme 
‘local importance. Those’ which bear mentioning are the 
Arctic, Equatorial, Monsoon and Superior air masses. In 
general these are only extreme cases of polar or tropical 
types. Arctic air is found on the Antarctic continent, Si- 
beria, and occasionally Canada. It is the coldest air on the 
face of this earth. Equatorial and Monsoon air is found 
over southeast Asia and is extremely moist and warm. 

Superior air is something of a mystery. It is very dry 
and usually exists at high altitudes. Superior air is believed 
to result from large-scale settling motions in the upper 
atmosphere. Occasionally such an air mass will overrun 
maritime air and come sliding down the damp slope to 
descend to ground level and cover the southwestern plains 
of the United States and Mexico. The visibility in this 
clear, dry air is remarkable; some Texans claim they can 
see over one hundred miles—which is not a very great 
distance in Texas. 

Just as the nations of the world are separated by their 
boundaries, air masses are kept apart by barriers of their 
own making called fronts. Unlike the continents, however, 
air masses are usually on the move. In rare cases where 
geography constrains them, they may be walled-in like 
lakes, captured by the natural barriers of the land. An ex- 
ample of this is the North Pacific air mass which nestles 
against the Olympic Range, held there by the westerly 
flow of air aloft. A similar air mass, known as the Azores 
High, exists along the coast of Spain. But such cases are 
rare, Air masses may remain in the same region for long 
intervals, but eventually they begin to move, and in travel- 
ing they create the changing cycle of weather. The air 
mass is a chameleon with an ability to assume the tem- 
perature and humidity of the surface over which it flows. 
If this surface is different from its origin, if it is hotter 


m 


46 / The Story of Weather 


or colder or more moist or dry, the air mass will accom- 
modate itself to the new condition, sometimes losing, 
sometimes gaining moisture, and changing the weather be- 
low as a consequence. 

A. specific illustration is perhaps the best way of ex- 
plaining the weather changes resulting from the voyage 
of an air mass. Continental polar air will often surge 
through the United States from its Canadian breeding 
ground. At the beginning of its journey, temperatures 
range downward to -40°, and the citizens of Minnesota 
huddle against their stoves. As the air travels southeast, 
it absorbs heat from the land. By the time it reaches the 
southern states, temperatures are rarely below freezing. 
At this point it is shunted seaward over the warm Gulf 
Stream by the tropical maritime masses swirling north 
from the equator. Once over the Gulf Stream, our wan- 
dering air mass picks up both heat and moisture. In the 
normal course of events, driven by the westerlies, it will 
reach the European continent. As it encounters that cool 
surface, it will lose heat. Since cold air cannot hold as 
much moisture as hot, clouds will form and the water 
vapor will condense into rain. Finally, our air mass will re- 
turn to what it started out to be: cold, dry air. 

In their surges across the fields and seas, the air masses 
do more than vary the weather. In a wholly automatic way 
they are the thermostats of earth, regulating its tempera- 
ture by distributing its heat. The story of this heat distribu- 
tion starts with the oceans. Water heats more slowly than 
land. It reflects about sixty per cent of the solar radiation, 
leaving only forty per cent to be absorbed. Land, on the 
other hand, absorbs ninety per cent and reflects only ten. 
Unlike the land, the oceans do not store their heat on the 
Surface to be siphoned away by the winds; their mobile 
currents, however, distribute warmth to the vast ocean 
deeps. Moreover, it takes four times as much solar heat to 


false water one degree than it does to heat an equivalent 
amount of earth. 
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For these reasons the oceans have become the great 
moderators, acting to narrow the extremes of temperature 
in the air masses which journey over them. These air 
masses, in turn, pass on the beneficial effects of the water 
to the land. An excellent example of this heat-transfer 
process can be found along the California coast during the 
summer. Cool maritime air from the Pacific flows over the 
sun-baked California farmlands, keeping them so cool that 
the range in temperature between summer and winter in 
San Diego is less than ten degrees. 

Along the equator, tropical air masses absorb water and 
are heated by the seas below. This air expands, becomes 
lighter, and rises through the troposphere. As it reaches 
the higher levels, some of its heat is conducted away to 
the surrounding air. This leaves the rising air cooler and 
it can no longer retain the huge quantities of moisture 
which it carried aloft from the evaporating seas below. ‘As 
a result, clouds form, blotting out the sun, and cooling 
„Tain falls. Thus the air masses serve to regulate the heat 
absorption so that the lush tropical regions are not burned 
by the direct rays of the sun. Another dissipation of solar 
energy occurs in the hurricanes created by the tropical 
air masses, Huge quantities of heat are transformed into 
the motion of the wind and waves during these storms. 

In this way, the air masses air condition the earth in 
the same manner as the forced air systems in our houses 
heat and cool our rooms. Heat is brought to cool areas 
and moisture to dry regions. The total effect creates the 
miraculously narrow range of temperatures which exists 
on our globe and allows us to live in relative comfort on 
Most of its surface. 

Weathermen follow and report the passage of air masses 
Over our country because it allows them to estimate the 
nature of weather to come. This information has become 
so much a part of our daily lives that we scarcely notice 
it, unless, of course, the prediction does not come true. 
To the aviator, however, weather knowledge is of more 
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than casual interest, since he gambles his life on its ac- 

E ‘mentioned earlier that air masses are separated by 
fronts, the region where two air masses are competing for 
the same space. The aviator will make every effort to 
avoid such fronts, since they are the areas of great at- 
mospheric turbulence and the source of most bad weather. 
However, there is a very considerable amount of bad 
weather which occurs within an individual air mass. Fogs, 
thunderstorms, easterly waves, and tropical cyclones are 
weather problems within an air mass which plague airmen 
and surface-dwellers alike. 

Fog is the airman’s most serious foe. It can be produced 
by cooling air masses until all of the moisture present is 
condensed. We ourselves create this type of fog as we 
breathe our lung-warmed air outward into the winter cold. 
Another type of fog is formed in warm weather by simply 
adding more moisture than the air can hold. The plume 
of vapor from the whistle of a steam locomotive is an ex- 
ample of such fog. g 

Although the pilot finds all types of fog equally objec- 
tionable, the meteorologist distinguishes fog by the manner 
of its creation. There are, for example, several types of 
cooled-air fog. Advection fog is formed when moist, warm 
air passes over cool water or cool land surfaces, This type 
is very common on the East Coast of the United States. It 
occurs when air masses warmed by the Gulf Stream pass 
over the Labrador current which extends its icy fingers 
along the coast. 

` Upslope fog is extremely dangerous to the unwary pilot 
because it generally obscures rocks. This fog occurs on 
mountain slopes when moist air from the sea is shunted 
upward by mountains into the upper and colder altitudes. 
Such fog is really a cloud lying along the ground and is 


often seen rising up mountain sides in our western states 
during the early morning hours. 


Most of us are familiar with the summer fog which 
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forms under cloudless skies during the afternoon and eve- 
ning following a warm sunny day. It is caused by radia- 
tion. The solar energy absorbed by the land during the day 
is radiated back into the atmosphere after the sun goes 
down. The loss of heat cools the surface air and precipi- 
tates its moisture as fog. 

Most formations of clouds occur when air masses of 
different temperatures collide. Sometimes the results of 
these collisions are quite spectacular. Large-scale mixing 
of air masses often occurs very rapidly. When this happens, 
the atmosphere somersaults and thunderstorms are born. 
These storms begin to form when huge quantities of water 
vapor are lifted into clouds which blot out the sun. Then, 
like the Monday-morning wash hung on the line to dry, 
the moisture is wrung out of them to drench the land in 
torrents. Static electricity is produced by the friction of the 
falling raindrops, the charges build up, ultimately to dis- 
charge into the ground below. This lightning causes a tem- 
porary vacuum in the atmosphere and the air, swirling 
in to fill the space, creates the thunderclap. 

In addition to fog and thunderstorms as air-mass 
weather phenomena, we have two disturbances which 
originate in maritime tropical or equatorial air and travel 
in a direction opposite to that of storms in the temperate 
latitudes. These are called easterly waves and tropical 
cyclones. (a 

An easterly wave is merely a bend in the inter-tropical 
front. It is oriented in a northeast-southwest line which 
moves irregularly westward. Along this line, thunderclouds 
build and showers have their maximum intensity; the wind 
may shift from northeast to southeast as the storm passes 
by. 

The two types of easterly waves are mainly identified 
by their areas of rain shower activity. The stable wave is 
characterized by clear skies preceding the weather and 
then about twenty-four hours of light-to-moderate shower 
activity. This type has very few thunderstorms and is 


OE TE 


50 / The Story of Weather 


quite common around the tropical islands bordering the 
Caribbean. 

The unstable easterly wave is usually an active disturb- 
ance with rainfall and thunderstorms occurring over a 
period of one to two days. There are usually showers on 
both sides of the line squall; in many cases an unstable 
wave is the parent of a full-fledged hurricane or typhoon. 
To cite an example, hurricane Carol of the 1952 season 
was spawned east of Miami within an unstable easterly 
wave which dumped eight inches of rainfall on Puerto 
Rico in a twenty-four-hour period. 

Such storms may be transformed into raging tropical 
hurricanes by microscopic changes in the upper air-flow 
pattern. It is often true in nature that the difference be- 
tween order and confusion is an extremely narrow con- 
tainment of many complex variables. In the case of the 
hurricane, the difference between a sunny day and a 
violent storm is the consequence of only a minor shift in 
the atmospheric balance. 
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THE STRIFE AND TURMOIL OF EARTHLY INHABITANTS ARE 
mirrored in the sky where the shifting air masses live with 
each other no more peacefully than do the man-made 
nations below them. In fact, a vast, world-wide meteoro- 
logical war is continuously in progress as the air masses 
invade the territories of their neighbors. These sky battles 
are waged along the common boundaries which, we have 
already mentioned, are called fronts. The fronts mark the 
interlocking of two radically differing atmospheric societies 
‘and they are responsible for most of the world’s stormy 
weather. Like the great air masses they divide, the tur- 
bulent fronts travel over the earth from west to east to 
provide an ever-changing panorama of weather. 

As with man-made politics, all border clashes do not 
provoke shooting wars, and many fronts pass over us with- 
out so much as a drop of rain or a cloud to obscure the 
sun. Such boundary zones are called weak fronts by 
Weathermen and are caused by the meeting of air masses 
whose temperature and moisture content are similar. 
When, as is more likely in our country, the air masses dif- 
fer radically in their temperature and moisture, the result- 
ing front is said to be strong and the frontal passage is 
accompanied by violent rain, sharp wind shifts, and rapid 
temperature changes. Most of the rain, almost all of the 
vast blankets of covering clouds, and a large percentage 
of our turbulent winds are generated in strong fronts. 

Although weathermen have many names for the fronts 
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which drift across our sky, they are usually classified ac- 
cording to the temperature of the air behind them. Those 
fronts which are followed by colder air are logically called 
cold fronts. On the other hand, warm fronts are followed 
by warm air. Since these two air-borne battle lines cause 
more than three-fourths of our weather, we will examine 
them more carefully. 

A. cold front develops when the leading edge of a cold- 
air mass meets the trailing edge of a warm-air mass. Cold 
air, being heavier, will underrun warm air in the same 
manner that a shoe can be slid under a rug. Because of 
this undercutting movement of air, the front of the cold- 
air mass forms a gigantic, invisible wedge of atmosphere 
extending backward from the point of surface contact. 
The upward curve of this wedge constitutes the cold front 
and provides the battleground for the most violent skir- 
mishes of the meteorological war. The cold front consists 
of turbid mixtures of hot and cold air, gusty winds, and 
vertically developed clouds which present a dark and 
foreboding appearance. Long lines of these cumulonimbus 
clouds extend throughout the length of the cold front, ris- 
ing skyward like giant mountain peaks. They are charac- 
terized by an anvil-like tip which is shaped when their tops 
are flattened by the strong westerly winds of the upper 
atmosphere. Violent rain, squeezed out of the warm air as 
it is pushed upward, drenches the earth below, while 
thunder and lightning form a fitting backdrop for the 
battle (see Figure 2, page 54). 

The cold front is usually heralded by high cirrus clouds 
which ride like lacy messengers well ahead of the storm. 
These are blown from the tops of the billowing thunder- 
clouds which are next to follow them. Finally, the surface 
front arrives with its vertical clouds, heavy rainstorms, 
and gusty winds. These winds generally blow from the 

К south or southwest. As the surface front passes, the winds 
shift radically to the northwest and the temperatures drop, 
often with startling suddenness. The cold-front skies clear 
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tapidly once the surface front passes, and the damp, cool 
atmosphere soon has a gemlike clearness. 

A warm front develops when a warm-air mass follows 
a cold-air mass. The light, warm air rides up above the 
cold, producing a soft creamlike blanket over the heavier 
milk of the cold-air mass. Thus the warm front also forms 
a wedge of cold air over the earth. But unlike the cold- 
front wedge, the warm-front wedge extends ahead of the 
surface front. It is also much flatter than that of the cold 
front and its weather extends over a greater area. While 
the average cold front has a cross-sectional width of fifty 
miles, the warm front is usually about two hundred miles 
wide (see Figure 3, page 58). 

Warm-front boundaries are a zone of atmospheric battle 
resembling exactly those of the cold front. The moisture 
of the rising warm air condenses to form clouds and bring 
rain. However, there is a sharp difference in the form of 
these clouds. They lie over the land in a flat blanket which 
slopes downward toward the surface boundary. The rain 
falls in a monotonous drizzle which may last for days. 
There is very little thunder and lightning, and the winds 
are light instead of gusty. High cirrus clouds drift in softly 
ahead of the warm front and gradually thicken into a solid 
layer of gray clouds. As the surface front approaches, one 
has the feeling that one can reach up and touch the slow 
moving clouds. The visibility is poor; often thin fog forms 
in the steady rain ahead of the front. As with all frontal 
passages, the wind shifts, usually from easterly to southerly 
as the front passes. The air becomes noticeably warmer 
behind the front. Compared to the slashing, beachhead 
type of battle of the cold front, warm frontal passages have 
the personality of heavy slowness characteristic of a long 
winter campaign. 

When accompanied by temperature changes, the sudden 
shifting of rain-laden winds is the surest indication of a 
frontal passage and of better weather to come. Weather- 
men, observing these facts on their recording instruments, 
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earn an easy reputation for reliable forecasting while the 
local weather is still bad. We can forgive this easy victory, 
however, when we realize that these opportunities are rare 
and that for the most part they must study endlessly the 
areas hundreds of miles away in order to predict the local 
weather. 

The passage of the giant storm fronts becomes a con- 
tinuous cycle as the air masses travel their great atmos- 
pheric routes. They weave the local sky into a pattern 
of ceaseless change, providing variety and diversity to 
make the air alternately gray and blue, sunny and rain- 
swept, dappled with tufted cirrus, or darkly coated by 
low stratus. The result is distribution. Water is brought to 
the arid land and heat is delivered to the cold places of the 
sphere. Just as the ships carry their cargo from one na- 
tion to another over the world’s waterways, so do the 
weather fronts transport the riches of the atmosphere over 
the earth. Areas neglected by the treasure-laden fronts are 
for the most part shunned by living things. Some lie as 
tranquil and barren deserts under the pitiless sun, while 
others are coated by eternal frost. 

In the Northern Hemisphere, fronts move from west to 
east at an average speed of fifteen miles per hour, but they 
do not always travel at the same rate. The reason for this 
difference in velocity lies in the variation in the air pres- 
sure between the air masses. Some contain relatively dense 
air which rises to great heights over the earth; such air 
masses exert high pressure on the surface below them and 
result in what weathermen call high-pressure zones. Dips 
and valleys also occur in the atmosphere, and the air 
masses which contain them are said to possess low-pres- 
Sure zones. High-pressure air tends to flow toward a 
low-pressure area much as water can be sucked from a 
"high-pressure" glass into a “low-pressure”? mouth through 
a straw. For this reason high-pressure air following a low- 
Pressure air mass will be sucked toward the low pressure 
and will gradually overtake the low-pressure air mass. 
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The intervening body of air, caught between these two op- 
posing pressure systems, will slowly be squeezed skyward 
until its forward and rear fronts meet. When this happens, 
the point of contact is called an occlusion and the new line 
of battle is termed an occluded front. 

The blue waters of the Pacific are often the spawning 
grounds of these occluded fronts. As the warm and cold 
fronts sweep inland like ocean waves to cross the shore- 
line of our western states, they are delayed by the high 
coastal mountain ridges. Occasionally this delay permits 
later fronts to catch up and engage the straggler, producing 
occlusions and occluded fronts at the points of contact. 
Other occluded fronts are formed over the prairie plains 
of our mid-western states when the polar continental air 
mass sends icy fingers stabbing southward. Such protuber- 
ances in the polar front are called waves. As these waves 
deepen, their sides draw closer together. Eventually con- 
tact occurs between the leading and following edges—each 
a true front in its own right—and an occluded front is 
born. The early stages of this process, before the fronts 
meet, produces the weather phenomenon known as a wave 
cyclone. 

Three types of air are involved in the occluded front. 
The central section just below the occlusion is covered by 
a blanket of warm air. The region just before the front is 
cool; the air following the front is definitely cold. The con- 
version of a wave cyclone into an occluded front takes 
place when the pressure drops in the warm middle sec- 
tor, causing the two fronts on either side to approach and 
make contact like the claws of a lobster. When this takes 
place, the warm air is gripped between the cool- and cold- 
air masses and squeezed aloft. In a practical sense this 
means that occluded fronts cause cold surface weather 
since the warm air is lifted away from the earth's surface. 

The exact characteristics of occluded fronts depend upon 
whether the coldest air lies ahead of, or behind, the occlu- 
sion. When the coldest air lies ahead of the surface front, 
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the system is known as a warm-front type occlusion. An- 
other type of occluded front occurs when the coldest air 
is behind the surface front. As before, the warm air is 
pushed aloft, but the front remaining on the surface is now 
the cold front which has nudged its way under the cool 
air (see Figures 4-7, pages 60-63). 

From the standpoint of a ground-dweller, the passage of 
an occluded front does not appear significantly worse than 
the passage of a strong cold front. Both types of weather 
are equally bad. However, the appearance of an occluded 
front on his weather map is a matter of the greatest con- 
cern to an aviator. One of the most important features in 
his flight planning is the avoidance of that area near the 
occlusion where the warm and cold fronts meet, for here 
the meteorological combat is fought in its most violent 
form. Giant thunderstorms, extreme turbulence, slashing 
rain, and assaulting lightning greet the unhappy aviator 
who has the misfortune to blunder into these destructive 
areas. Of the two types of occluded fronts, the cold-front 
occlusion is the more violent, since the energy of the _ 
warm-front type is spread over a larger area. If either one 
lies in his path, however, the wise pilot plots a detour to 
avoid both types of ambush. 

So far in this chapter we have discussed the influence 
of the three major frontal types upon our weather. In gen- 
eral the passage of these fronts, coupled with the indi- 
vidual characteristics of the air masses themselves, account 
for most weather. However, some unusual aspects of the 
frontal systems affect our everyday life and warrant a 
closer look. 

Most of us who live in the southern states have ex- 
perienced the squall or, more exactly, the pre-frontal 
squall. Very few people have encountered the squalls’ 
violent relative, the tornado, which we shall discuss fully 
in a later chapter. The pre-frontal line squall often occurs 
together with a cold front when the winds aloft are stronger 
than those at the surface. When this happens, the frontal 
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weather is whipped ahead of the surface front like foam 
from the crests of waves in a high wind. Such squalls arise 
suddenly and, although of brief duration, can be extremely 
violent, smashing roofs, uprooting trees, and capsizing 
sailing craft. Only its localized radius of action and short 
duration prevent the squall from becoming a major enemy 
of man. 

The sinister, majestic thunderstorm is the siege gun of 
the weather war. Within its dark and turbulent depths 
exist the last remnants of the primeval struggles which 
convulsed the young ‘earth during its formative millennia. 
The black, writhing pillar cloud and the tufted ramparts 
and battlements which surround it have awed man 
throughout the ages. Even the ancient Greeks, sophisti- 
cated in art and philosophy, credited the thunderstorm 
with godlike powers. They explained its lightning as the 
wrath of their god Zeus, who was said to hurl the bolts 
from his own hand. Early primitive peoples gave the 
thunderstorm a place of respect second only to that ac- 
corded to the mighty sun. Our language is filled with 
descriptive phrases which epitomize the storm as the ulti- 
mate in speed and might, such as quick as lightning, 
loud as thunder, and a bolt from the blue. These and many 
other expressions show how deeply the thunderstorm has 
impressed itself upon man’s consciousness, and with good 
Teason. Although often more catastrophic, weather is 
never more dramatic than when it appears as the titan 
thunderstorm. 

The anvil-topped thunderhead, called cumulonimbus by 
Weathermen, can be created by many conditions warring 
in the atmosphere. The most familiar of these is the cold- 
air mass thunderstorm which occurs with great frequency, 
Particularly in the interior of the United States, during the 
spring and summer months. During these seasons cold-air 
Masses creep over the land surfaces which have been 
baking under the sun. The earth acts as a giant stove and 
heats the lower layers of atmosphere, and the warming air 
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absorbs moisture as a sponge. This hot air then rises, ex- 
panding and boiling and spiraling upward into the colder 
regions above. 

The expanding air quickly loses its heat and commences 
a process which resembles that of the Monday-morning 
wash as it goes through the wringer. The higher the air 
rises, the less its pressure becomes, the more it expands, 
and the more it is cooled. Finally, the water vapor, which 
had been carried aloft with the warm air, begins to con- 
dense. The resulting fair-weather cumulus clouds dapple 
the afternoon sky on many a warm afternoon. 

Very few of these plumed cumulus clouds grow into 
full-fledged thunderstorms. In appearance they are fluffy 
and round, with a flat bottom; generally they are all at 
exactly the same height. To an aviator flying beneath 
them, they appear like a batch of rising biscuits, sitting 
on an invisible pan, ready to be popped into the oven. 
As the plane flies under them, it is bumped and jolted by 
the rising air currents which feed them. Glider pilots and | 


Soaring birds fully appreciate this phenomenon and wisely 
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Figure 5. The cold front occlusion shown in Figure 4 as it would 
appear on the daily weather map. An example of the daily 
Weather map, including a legend to the symbols used, appears 
in the picture section of this book. 
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Maneuver below such clouds to use the updrafts which 
tise beneath them. 

By watching these clouds, we can sometimes see a 
thunderstorm born before our eyes. If the moisture content 
of the air is high, if the day is hot, and if the upper air is 
unusually cool, the cumulus clouds continue to build until 
they tower high in the sky. The interior of the clouds 
changes from fluffy white to an ominous black. Water 
droplets form and are shunted heayenward by the up- 
sweeping air. Some of these travel higher and higher until 
they rise above the freezing level. At this point they harden 
into hailstones. The hailstones become larger—often as 
big as golf balls—when they are joined by water droplets 
from below. Finally, when the updraft air can no longer 
support its burden, rain and hail begin to fall. At this 
point, the thunderstorm is said to have reached its mature 
Stage, 

As the rain and hail mix and boil in the cloud, they 
produce static electricity in much the same manner as а 
comb produces static charges when rubbed over a cat's 
back, Under the abrasive action of the atmosphere, the 
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Figure 7. The warm front occlusion diagrammed in Figure 6 as 
it would appear on the daily weather map. 
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electrical charges grow and combine until the thunderhead 
is a gigantic storehouse of electrical power. The central 
portion of the cloud becomes negatively charged; the 
upper and lower layers acquire a positive charge. When 
the difference in electrical potential grows to about fifty 
million volts, flashes of lightning rend the sky. Air in the 
path of the discharge is pushed aside and a near-vacuum 
is instantaneously created. The stricken atmosphere hastens 
to heal its scar and the air rushing into the void creates 
the noise we know as thunder. 

As the storm grows older, the thunderhead may even- 
tually form an anvil top. This will occur when the top 
of the cloud reaches a height at which it is caught by the 
high-velocity winds aloft. At this point the roll cloud at 
the bottom will be most pronounced and the thunder- 
storm will have achieved its most classic form. Generally, 
the flow of air in the thunderstorm is upward from the 
rear and forward and down at the front. If you are near 
a thunderstorm and feel a blast of cool air, you can be 
confident that the storm is coming your way. 

The dissipating stage begins as the downdrafts spread 
throughout the storm. Since the upper air is cooler, these 
downdrafts chill the cloud. Finally there are no updrafts 
in the storm, and the cloud itself begins to die. If we watch 
a thunderstorm through its final stages, we will notice that 
the cloud becomes much thinner and tends to flatten out 
or stratify, in the words of professional weathermen. The 
life of a thunderstorm is amazingly short, and the cycle 
from beginning, through roaring storm with thunder, 
lightning, and precipitation to complete dissipation rarely 
takes more than a few hours. Some cumulonimbus clouds 
attain the awesome height of 60,000 feet while others rise 
no more than 30,000. 

The modern aviator has a healthy respect for the des- 
tructive thunderstorm. If at all possible, he will attempt 
to fly around it; if he cannot do this, he may turn around 
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or seek to penetrate the storm at a low altitude. When he 
does go through a thunderstorm, he will be prepared for 
a rough ride. He will brighten his cockpit lights so that 
blinding flashes of lightning will not leave him momen- 
tarily sightless, unable to see the instruments. He will 
caution his crew to strap themselves tight in preparation 
for the turbulence. He will also watch carefully for the 
light-greenish color which is characteristic of clouds con- 
taining hail. 

Hailstones are a real hazard to flying, although the 
smaller ones are of no particular significance. However, 
in bad thunderstorms where the updrafts have been violent 
enough to keep the small hail pellets above the freezing 
level until they have become Jarge—sometimes larger than 
baseballs—hailstones are very dangerous. These larger 
stones are weather shrapnel which not only destroy air- 
craft but sweep across the earth’s surface with a destructive 
flail which demolishes crops, scars automobiles, breaks 
windows, and in general menaces life and limb. Fortu- 
° nately, the severity of such bombardments is short-lived, 
and damage is usually confined to small areas. | 

On the nuisance side, one of the most aggravating 
weather situations is that which occurs when we are af- 
flicted by continuous rain. Life in general becomes ex- 
asperating when the skies are covered with leaden rain 
clouds for days on end. Small children must stay indoors, 
shopping is difficult, the ground is soft and muddy, and 
only the taxi driver faces each oncoming wet day with 
assurance. Such periods almost always occur when an 
Overhead front stagnates and ceases to move. Such weather 
conditions are called stationary fronts. They often occur 
when two air masses align themselves over the United 
States with high-pressure areas to both east and west. 
Occasionally, cold air from Canada and moist air from the 
south, bringing up thousands of tons of moist air from 
the Gulf of Mexico, meet in stationary fronts. These con- 
ditions produce a perfect rain factory and are often the 
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cause of great floods over the midwestern states. Intense 
fronts on the move also deposit huge quantities of rain, 
put the precipitation is spread over a wide area. When 
fronts cease to move and the entire war takes place in one 
area, the results may be disastrous. 

The rocky gorges and tree-crested slopes of the Rocky 
Mountains are often the scenes of another type of station- 
ary front. The moist, warm air of the Pacific merges here 
with the sharply contrasting dry, cold continental air from 
the Canadian plains. The turbulence of the front is further 
intensified by the air shunted upward by the mountain 
range. When a cold-air mass lies over Canada, tempera- 
ture differences across this front can be as much as eighty 
or ninety degrees, and a battle royal ensues over the 
stationary front. These conditions help to explain why 
there are no major industrial cities in the Rocky Moun- 
tains. 

An unusual weather phenomenon involving a nonex- 
istent front occurs near the equator. Over this hot spot 
lies a band of weather commonly called the inter-tropical 
zone of convergence or equatorial front. Actually this zone 
is not a front at all. By definition, a front is the meeting 
place of two contrasting air masses. By contrast, the inter- 
tropical front lies entirely within the tropical air mass and 
in reality is produced by large-scale vertical air move- 
ments. The heat of the sun beating down on the equatorial 
atmosphere acts as a giant elevator to lift the moisture- 
laden air skyward. Violent weather results from the meet- 
ing of the upward-flowing warm air and the cold currents 
of the stratosphere. This battle area may extend from the 
Surface to great heights, and it contains some of the most 
turbulent currents Known to our atmosphere. The equa- 
torial convergence zone fluctuates in position and intensity 
each day, following the sun in its annual trip north and 
South of the equator. The incredible energy of the tropical 

heat evaporates millions of tons of water upward, to be 
condensed into massive tropical thunderheads which tower 
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forty and fifty thousand feet above the coral seas. When 
the saturation limit is reached, torrential rain lashes down- 
ward to shower some tropical islands with more than thirty 
inches in a single day. This amount is considered a good 
rainfall for an entire year in most parts of the world. 

In this chapter we have outlined the great air-borne 
global conflicts which produce our stormy weather. The 
knowledge of air masses and their meteorological battle 
lines which we call fronts is far from complete. Indeed, 
fifty years ago the term front did not exist. However, for 
the first time in the history of our earth we are no longer 
subject to the surprises and whims of the ever-changing, 
eternal cycle of weather. Although our present ability to 
forecast is limited to a few days ahead at best, our tech- 
niques will advance as more information becomes avail- 
able. After reviewing the marvelous strides of the past 
half-century, who can tell where we will be in the next? 
This much is certain: each passing year will increase our 
independence from the elements of our planetary environ- 
ment. 
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ON THE TWENTY-NINTH DAY OF JANUARY, 1953, A SMALL 
low-pressure area developed in a cold-air mass about two 
hundred miles south of Iceland. The birth of the resulting 
storm went practically unrecorded except by the few ships 
which happened to be passing through those cold and 
seldom-traveled seas. To the sailors, who were familiar 
with the storm-lashed North Atlantic waters, another 
storm was not considered remarkable. 

Due to a combination of somewhat unusual circum- 
stances, however, this storm was unique. At the same time 
that the low-pressure area was deepening, a high-pressure 
belt of warm air, stretching from Africa to Iceland, began 
moving eastward to meet it. The result was the most vio- 
lent European storm since the year 1703. 

The North Sea, with separates England from Norway 
and Denmark, is formed like a gigantic funnel. Almost 
three hundred miles wide between Scotland and Norway, 
it narrows to not more than twenty miles at the English 
Channel. Our small cyclone, now grown lusty, was pushed 
rapidly past Ireland toward the mouth of the funnel by 
the flow of high-pressure air from behind, gaining in in- 
tensity all the way. 

As bad luck would have it, the storm developed during 
а period of unusually high tides. By the thirty-first of 
January it was full-grown, with winds which roared with 
terrific force at speeds up to 115 miles per hour. On the 
crest of the high tides, the waves became mountainous. 

68 
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On the morning of the thirty-first, the storm suddenly 
caught up with the Princess Victoria, a 2700-ton ferry 
placidly nosing its way across the North Channel to Ire- 
land. Within moments, the ramp doors of this vessel were 
smashed and the engine room flooded, leaving the little 
ship helpless. It was quickly blown across the Channel by 
the raging winds. Five miles from the Irish coast, the boats 
were lowered. Many were smashed and most of the re- 
mainder capsized. As a result, 132 of the passengers and 
crew lost their lives; only 14 were saved. 

The storm traced a path of devastation across the north- 
ern tip of Scotland down into the North Sea funnel. 
Portions of the east coast of England around Norfolk have 
been reclaimed from the sea and are protected by huge 
dikes, More than half of Holland lies below the level of 
the high tides and is kept dry only by similar sea walls. As 
the storm struck the dikes in full fury, they were first 
cracked and then punctured by huge, gaping holes. The 
north winds blew bitterly cold and the waters which drove 
over the land were flecked with chunks of ice. i3 | 

Ву the second of February, the storm was dying and’ 
reduced to fitful gusts. By now, the d 5 ated 
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Cold fronts such as the one we have just descri а fen 
Sweep across the North Atlantic during the-winter4ffonths. 
The icy winds and high waves which they generate are so 
frequent as to be the general rule rather than the excep- 
tion. Fortunately, however, the world weather conditions 
seldom combine to build cyclones as violent as the great 
storm which slashed across Europe in 1953. However, 
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the oddity is not that these terrible, destructive storms 
occur, but that we are not afflicted with more of them. 

Indeed, it is necessary to probe only superficially into 
our universe to find far greater atmospheric disturbances. 
The fantastic storms which daily sweep across the surface 
of the sun are one hundred thousand miles in diameter, 
ten thousand miles high, and millions of degrees hot. By 
comparison, the worst of our earthly cyclones is scarcely 
a ripple in the pool of cosmic energy. Astronomers have 
found that even the atmosphere of the sun must be con- 
sidered placid when its turbulence is compared with that 
of many other bodies found in the heavens. 

We cannot dismiss this comparison by saying that the 
earth and other planets are different from the burning 
stars because, although this is true, the earth’s atmosphere 
and materials contain the same inherent energy. Further- 
more, we are constantly flayed by the fierce rays of the 
sun and other cosmic bodies. It is only because of the hair- 
thin balance existing in the atmosphere that we are saved 
from being vaporized by this tremendous bombardment 
which beats down upon us with a continuous force equal 
to two hundred and fifty billion horsepower. Life is per- 
mitted to exist only by the swirling atmosphere which dis- 
sipates and apportions this radiated energy. The great 
cold-front storms are one medium through which the cir- 
culating atmosphere reduces the enormous quantities of 
trapped solar heat. 

As a result of these processes, the heat released to the 
earth's Surface is a mere fraction of the total radiation 
Which comes our way. The vast remaining bulk of solar 
energy is kept in balance by the miraculous, orderly 
mechanism we call atmosphere, and that atmosphere pro- 
Vides the means whereby the billion-ton radiation forces 
are matched and neutralized by other equally gigantic 
forces, The resulting state of neutrality allows us to live 
m our world, = 


In the face of this huge massing of energy, man can be 
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compared to an ant living near the spillway of a giant 
dam. Occasionally droplets splash over and the ant is con- 
vinced that the heavens are descending upon him. But this 
temporary inconvenience is nothing when measured against 
the cataclysm which would obliterate the ant's world if 
the dam were to burst. 

It is these tiny droplets of weather which are inflicted 
upon our world. Because they have become a part of our 
daily experience, we are much more aware of them than 
we are of the delicate balance which keeps the enormous 
forces of the universe from destroying us. But the balance 
is ever precarious. Occasionally it suflers a minor upset, 
and for a brief moment we catch a glimpse of the titanic 
energy around us. When this happens, the mightiest forces 
created by man, even his vaunted hydrogen bomb, are 
dwarfed by comparison. The swirling clouds of the small- 
est hurricane contain the energy of thousands of hydrogen 
bombs. In the face of such phenomena we are reminded 
again of the narrow and miraculous margin by which we 
are protected from extinction. 

The balanced energy in the earth's atmosphere demon- 
strates its strength in truly incredible ways once it becomes 
unsettled, This fact is often illustrated in startling and 
terrorizing fashion to the modern airman, as indicated in 
the following true experience. 

One winter day during the war year of 1944 an Air 
Force pilot was flying a heavily loaded cargo plane over 
The Hump, that rugged mountainous strip of land which 
contains the Himalaya Mountains and separates India 
from China. He was “on instruments” and flying through 
thick, freezing clouds which caused heavy layers of clear 
ice to build on his wings. The minimum safe altitude for 
his route was 15,000 feet. Somewhere in the misty void 
ahead of him was a mountain over 13,000 feet high, but 
his plane was unable to maintain even that much altitude. 
In fact, he was now flying at 9,000, just barely able to 
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nurse the plane along at minimum safe flying speed with 
the maximum power setting he could use. 

The pilot was in real difficulty. It looked as though he 
had the choice of crashing head-on into the side of the 
mountain or bailing out with his crew into the wild, barren 
Himalaya steppes below. The latter alternative was almost 
certain to result in death by exposure, but at least it of- 
fered a bare chance of survival. He was just about to hit 
the warning button to notify the crew to bail out when an 
amazing thing occurred. The 50,000-pound aircraft began 
gaining altitude at the rate of 2,000 feet per minute as 
though some giant hand were propelling it upward! 

At 16,000 feet, the pilot nosed the plane over, but he 
gained 2,000 feet more before he was able to stop the 
sudden climb. At slightly over 18,000 feet, he was finally 
able to level off the plane and settle back with a sigh of 
relief. ' 

Was this some miracle unique in modern flying? Not 
exactly. 

Every aviator has encountered such strong vertical gusts 
in flight. They are the result of local air currents which 
develop in the mobile air masses similar to the way eddies 
and swirls appear in a running brook, Generally these 
gusts impart only a slight bump to aircraft in flight and 
their vertical speed is only a few feet per minute, but they 
Serve as a constant reminder to the flier that the atmos- 
pheric belance is seldom perfect. Our pilot had the good 
fortune to blunder into the giant updrafts of a growing 
thunderstorm when he needed a lift. He was lucky, indeed, 
for the odds were equally good that he would hit strong 
downdrafts which might have shattered his aircraft and 
crew against the rocky gorges below. 

The titanic forces of the atmosphere produce other, 
quieter phenomena which also bedevil us, and in some 
pases their formation is assisted by man himself. This is 
particularly true with some types of fog. Formerly a minor 

= hulsance except to navigating ships and aircraft, in recent 
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years fog has become a major problem in many areas. 
Its feathery mists and cloying dampness are common 
weather phenomena found almost everywhere in the world. 
Actually, fog is another name for clouds which lie along 
the surface of the earth. As an illustration, suppose we 
find a cloud layer 2,000 feet above the surface of a valley 
joining a nearby mountain. A weather station in the valley 
would report a cloud layer 2,000 feet high. A station on 
the side of the mountain above 2,000 feet will report fog. 

During recent years a very curious and steady increase 
has taken place in the incidence of fog over the world’s 
industrial areas. For a long time scientists were puzzled by 
this development until they noticed the striking corollary 
between the increase in fog and the growth of manu- 
facturing industry. Studies showed that, as new plants 
and factories were built, fog crept over the surrounding 
towns with increasing frequency. This fog was different 
from the pure mists which develop naturally when mois- 
ture-laden air is cooled. It was often yellow in color and 
contained toxic gases which made people sick and some- 
times even killed them. They called this new killer smog. 

As new plants are constructed, their stacks belch addi- 
tional loads of chemicals and combustion products into 
the already overburdened atmosphere. Much of this air- 
borne debris is too heavy to be carried by the winds, and 
it falls as grime to smear our city streets. Some of the 
lighter particles and the waste gases, however, remain 
air-borne, to be dissipated slowly by the winds. This pollu- 
tion is not serious until water-laden air combines with it 
in an unholy alliance to form smog. Once a rare and 
temporary irritant, the mixture of fog and industrial pollu- 
tion now hangs over many of our cities to befoul the air 
and kill living things to such an extent that it has become 
а major problem. 

In December of 1952, the city of London was blanketed 
by one of its famous pea-soup fogs. Cleaning winds had 
died until there was no movement in the air. Transporta- 
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tion and communications ground almost to a halt, but the 
city continued to pump the vast accumulation of its smoke- 
stacks into the stagnant atmosphere. Meanwhile, the death 
rate rose appallingly by more than 900 a day, more than 
at any other time except during the great cholera epidemic 
of 1834. Within four days 4,000 people died of the pol- 
luted air. The mortality rate of new-born infants almost 
doubled and there were many deaths among older people, 
mainly from bronchitis and pneumonia. All this from one 
fog! 

VM their investigation of smog, weathermen 
found nearly twice as many foggy days in Prague, Czech- 
oslovakia, after 1880 as there were between 1800 and 
1880. The industrial Ruhr region of Germany receives 
more drizzle than surrounding areas, although both are 
subject to the same weather pattern. Investigation into 
these situations produced the startling fact that local 
weather conditions were directly geared to the pollution of 
the atmosphere by industrial plants. 

Further study showed that atmospheric dust was a dis- 
tinct factor in the formation of the water droplets which 
compose fog and clouds. The dust acts as a condensation 
nucleus which allows the minute water particles in the air 
to cling to it and form larger drops. If moisture droplets 
are to reach a size at which they may be seen in the form 
of rain and clouds, these condensation nuclei are necessary, 
and the presence of myriads of such nuclei greatly aids 
the formation of rain, fog, and drizzle, 

On days when there is a breeze which dissipates air 
pollution, the situation is not critical. The dust nuclei are 
distributed throughout the surrounding atmosphere and 
any fog which forms is quickly blown away. The worst 
effects are felt during periods of unusual calm with а 
femperature inversion which allows the smoke and haze 
to hang low over the earth. This condition was responsible 
for the killing fog of London, and a similar inversion 
often plagues the dwellers of Los Angeles. Smog condi- 
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tions are such that a few factories in the United States 
must shut down on calm days to avoid serious pollution. 

During recent years, several methods have been devised 
to rid our skies of this aerial rubbish. The precipitator 
perfected by Dr. Frederick Cottrell is a good example. His 
System utilizes a screen which is placed over the factory 
Smokestack. This screen carries an electric current which 
electrifies the dust particles as they pass through it. Plates 
Which have an opposite charge pull the dust particles out 
of the air. 

This and other devices have been very successful, but 
there is still a great deal to be done before our industrial 
cities will have air which is free from pollution. Those of 
us who live in large cities breathe in vast amounts of ref- 
Use carried by the atmosphere each day—over 50,000 
particles per breath. Many areas have practically no plant 
life; pollution is the reason. The effect of such conditions 
on our health, cleaning bills, and the condition of our 
buildings is incredible. Today we are on the threshold of 
cleaning up our air, just as we were beginning to purify 
the earth by the installation of proper drainage and ade- 
quate sewers only a single century ago. It is to be hoped 
that the next hundred years will show as great an improve- 
ment in the atmosphere around us. 

In this chapter we have discussed the miraculous balance 
Of forces which produces our weather and permits us to 
live. Nowhere is this balance more delicate than in the 
Tazor-thin temperature band which exists near the surface 
Of our planet, for it is here that the atmosphere acts as a 
gigantic and marvelously efficient air conditioner to stabi- 
lize our daily temperature. The deathly cold of outer 
Space, located but a celestial hairsbreadth above our 
heads, is 400? below zero. At this level, all molecular 
action ceases. From this low point, the universal tempera- 
ture ranges upward to millions of degrees. The tempera- 
ture of the sun, at a depth where the atmospheric pressure 
€quals that of the earth, is over 900,000^, while the heart 
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of the sun is estimated to boil at 100,000,000°. As an il- 
lustration of the magnitude of such temperatures, it is 
worth noting that diamonds vaporize at 8,000°. By con- 
trast, the temperature on earth has never been recorded 
as less than 94? below zero, nor does it ever rise higher 
than 136? on the Fahrenheit scale. This is a spread of a 
mere two hundred and thirty degrees, as compared to the 
million-degree swing which we know exists in the universe. 

If the earth were to swing inward a trifle on its sun- 
surrounding orbit, our oceans and rivers would boil away. 
'The solid crust itself would sear and cracks would open 
in the earth, exploding inner fire; the handful of humans 
who burrowed below to escape the unchecked radiation 
pouring through a previously protecting atmosphere would 
soon perish. 

Move the earth away from the sun, edge it toward the 
next outermost planet, Mars, and killing cold would des- 
cend to mantle our sphere. The growing polar caps would 
merge with the swiftly freezing waters of the oceans; the 
consequent redistributon of weight could be sufficient to 
shift the earth's axis and, in a single cosmic instant, vio- 
lently destroy all living things. Perhaps this would not 
occur. Survivors might descend to the tropics, there 10 
postpone temporarily the inevitable freezing end to life. 

But man is a self-centered bit of fragile jelly, and he is 
not so much concerned with the fact that his surrounding 
temperature band is narrow in a celestial sense as he i$ 
With the fact that it is so broad in a human sense. Al- 
though outer space is infinitely colder, 94? below zero is 
bitterly cold to our human bodies. Below —60?, man is un- 
able to face the elements with so much as a square inch 
of skin uncovered, and water freezes instantly with a loud 
cracking noise. The unpleasant world-record low 9 
-126.9* Fahrenheit was recorded at Vostok in the Ant 
arctic. 

Mis wastelands of the arid Near East, south of the 
iterranean, hold the unenviable record for heat. THe 
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hottest day ever recorded was inflicted upon the residents 
of Azizia, a little town near Tripoli in North Africa when 
the temperature rose to 136°. Perhaps this helps to ex- 
plain why the Moors invaded Europe more than sixteen 
centuries ago; it is possible that they were seeking a cooler 
climate. The United States holds the runner-up record; 
one blazing day the mercury hit 134° in aptly named 
Death Valley. 

Endless statistics can be found to demonstrate the giant 
strength of the forces which create our weather. Some 
are hard to unearth because of the violent extremes which 
they attempt to measure. For example, devices which are 
designed to record the strength of the wind have the un- 
happy habit of blowing away in the face of really violent 
gusts, along with the buildings on which they are located. 
The highest winds are found in tornadoes, and reliable 
estimates have placed the winds at greater than 500 miles 
per hour in some of these storms. 

Tropical hurricanes produce the most extreme weather 
conditions at sea. Often, the interaction of wind, storm, 
and sea is so violent that the horizon disappears and the 
sailor’s world becomes an inseparable mixture of swirling 
air and water, During February of 1953, a churning wall 
of water as high as a fifteen-story office building battered 
the 10.5.5. Ramapo in the North Pacific. This wave was 
observed by the crew to extend upward to the moun- 
tainous height of 119 feet. The enormous power of this 
storm can be appreciated when it is compared with the 
violent explosion of 1883 on the volcanic island of Kra- 
katoa which killed thousands of people, blanketed the 
world with dust for weeks, and obliterated the island from 
the face of the earth. It caused a tidal wave of ap- 
proximately the same height! 

The storm observed by the crew of the Ramapo is so 
extreme that no provision exists even to catalogue it. The 
height of waves at sea is measured by the Beaufort Scale. 
Beaufort numbers range from zero when the winds are 
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calm and the sea is like glass to Beaufort twelve when the 
winds are above hurricane force and the waves over forty 
feet high. Beaufort six, for example, describes weather 
conditions where the winds range between twenty-five and 
thirty-one miles per hour and the waves run about twelve 
feet. On this scale, the Ramapo wave would have been a 
hypothetical Beaufort thirty-six. 
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The Sailing Directions for the Northwest and North Coasts 
of Norway is a matter-of-fact, businesslike document pub- 
lished to acquaint mariners with the special problems as- 
Sociated with ocean voyages in these tricky, storm-tossed 
waters. It does not deal with the superstitions of the an- 
cient Norsemen who sailed the seas in their fragile craft, 
nor does it contain any unnecessary speculations about 
the mysteries of the little-traveled seaways it describes. 
However, in one passage, the reader has the feeling that 
he is reading a page straight from the pen of Edgar Allan 
Poe. This is the portion which describes the maelstrom 
Quien runs between the islands of Masken and Lofotod- 
en: 


“. . . as the strength of the tide increases the sea be- 
comes heavier and the currents more irregular, form- 
ing extensive whirlpools. During such periods no 
vessel should enter the Moskenstraumen. These 
whirlpools are cavities in the form of an inverted bell, 
wide and rounded at the mouth and narrower toward 
the bottom; they are largest when first formed and 
are carried along with the current, diminishing grad- 
ually until they disappear; before the extinction of 
one, two or three more will appear like so many pits 
in the sea. . . . Fishermen affirm that if they are 
aware of their approach to a whirlpool and have time 
to throw an oar or any other bulky body into it the 
79 
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water must rush suddenly in on all sides and fill up 
the cavity.” 


Just as these whirlpools form in the eddies and currents 
of the earth’s waters, so they flash into being in the sea of 
air above. Many of them run, short but dizzy races over 
the midwestern plains as whirlwinds or “dust devils” on 
hot summer afternoons. Generally these rise suddenly from 
beneath clear skies, creating swirls of dust and sharp, 
gusty winds. They move swiftly across the land in erratic 
paths as though they were nature’s buffoons performing 
a whimsical dance to break the monotony of a hot day; 
seldom do they produce any more serious damage than 
upset garbage cans or an occasional shattered window. 

However, there is another type of twister which has the 
same sort of relationship to the dust devil as a hungry 
tiger bears to a playful kitten. This is the most fearful 
and mysterious of all nature’s weather phenomena: the 
tornado, 

The tornado is not mysterious because it is a rare 
phenomenon which occurs only in remote sectors of the 
globe. Quite the contrary; during the first six months of 
1962, the United States alone was struck by 280 tornadoes 
causing the death of more than 500 persons and doing 
damage estimated at many millions of dollars, But the 
fearful proportions of these storms and the suddenness 
with which they strike the farms and cities of the “tornado 
belt” have kept man from gaining any real knowledge 
about them, despite all the progress of modern science. 
Man can therefore resort only to the ancient device of 
escape when he hears its roar and sees the delicate-looking: 
tenuous tube of the tornado approaching him. He can only 
tun, huddle quivering in a cavelike storm shelter, or lie 
flat against the earth if he is to avoid destruction. 

As storms БО, the tornado is one of the smallest. Gen- 
erally, the terrible black mouth which sweeps over the 
land is a circle whose diameter is between fifty and 0D€ 
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thousand feet. Seldom does the destructive area approach 
a mile in width, and the average path is about thirteen 
miles long. However, some twisters have traveled two to 
three hundred miles before dissipating, and often there 
are large skip distances when the angry cylinder rises up- 
ward away from the earth and leaves the ground below 
untouched. 

The terrible damage done by these storms is illustrated 
by the fact that during a period of twenty-two years 
Illinois lost thirty million dollars and 814 lives; Georgia, 
twenty millions and 433 lives; Texas, fourteen millions 
and 441 lives; and Alabama, eleven millions and 611 lives. 
On the ninth of June, 1953, a tornado swept through Wor- 
cester County, Massachusetts, wrecking some twenty-five 
hundred homes and inflicting damage at eighty million 
dollars. Eighty-three persons perished in this one storm 
alone. 

The exact nature of the weather elements which must 
combine to permit the birth of a tornado is one of the 
most perplexing mysteries of modern weather science. It 
is known that they usually develop as a result of the meet- 
ing of two air masses. In the tornado belt, the warm moist 
air from the gulf of Mexico drifts slowly northeastward. 
At the same time, cool, dry air masses from the plains of 
Canada dip southward in undulating waves; tornadoes form 
within the meeting zone between these air envelopes 
having different temperatures. 

As the moist Gulf air is heated from below by the sun- 
drenched farmlands of Texas, Oklahoma, and Kansas, it 
rises and the moisture condenses into billowing cumulus 
clouds which mushroom upward like smoke from an open 
fire. When the heated air flows aloft, it produces local 
areas of low pressure in the region of the meeting zone, 
and this causes both hot and cool air to rush into the gap 
below. Since the warm air and the cool-air mass from the 
north are flowing in different directions, a shearing or 
rotating force develops. The resulting flow pattern is 
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similar to that produced when we pull the drain plug from 
our bathtub; a whirlpool of air develops around a low- 
pressure center. However, instead of water rushing out 
through a drain pipe, the central core of hot air rises up- 
ward thousands of feet into the sky at speeds of over a 
hundred miles an hour. : 

At first, when we pull the bathtub plug, only the surface 
water appears to rotate but, as the whirlpool gains mo- 
mentum, the center deepens until it extends all the way 
down to the drain pipe. The same thing happens during 
the formation of a tornado, allowing the spinning cylinder 
to touch the surface of the earth when a certain critical 
balance in the pressure relationship of the winds is reached. 

'The tornado cone descends from under a heavy, black, 
very turbulent cumulonimbus cloud which is accompanied 
by violent gusty winds. Milton Tabor of Topeka, Kansas, 
happened to be under such a cloud on the afternoon of 
March 23, 1913, just as a tornado was forming. He graph- 
ically described what he saw: “The tornado cloud formed 


near where we were enjoying a picnic and whirled furi-: 


ously, high in the air straight over our heads. We looked 
up into what appeared to be an enormous hollow cylinder, 
bright inside with lightning flashes but black as blackest 
night all around. The noise was like ten million bees, plus 
a roar that beggars description.” This storm later did ter- 
rible damage in Omaha, Nebraska. 

The United States Weather Bureau has recently estab- 
lished a Tornado and Severe Storm Research Project in 
order to study this phenomenon. Since the violence and 
Suddenness of a tornado's growth are so great that they 
Prevent first-hand study, the weathermen have planted 
Instruments along the usual pathways of twisters in Kansas 
and Oklahoma. By means of these instruments they hope 
to measure the internal pressure, wind speed, and amount 
ОЁ rain inside a tornado. Since the beginning of the project, 
however, the weather has refused to co-operate: ihere have 
been few storms in the area. 
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The damage inflicted by a tornado exhibits much of the 
freakish tendency of other violent weather phenomena. 
There have been cases where houses have been demolished 
by storms and the furniture carried away, only to be found 
later without a scratch. Straws have been driven deep into 
boards. Strong buildings have been destroyed while flimsy 
structures next to them came through the storm un- 
damaged. In one instance a herd of cattle was picked up 
by a tornado and lifted high in the air until the cows ap- 
peared like great birds. Chickens are sometimes stripped 
of their feathers but otherwise unharmed. 

In May of 1931, the Empire Builder, a train which 
travels between Chicago and Seattle, was speeding over 
the western flatlands when the engineer sighted a tornado 
which looked as though it would cross the steel tracks 
ahead. Since his train was one of the most modern on 
the line, with cars built entirely of steel, he was not par- 
ticularly worried, Nevertheless, he slowed his speed some- | 
what to evade the storm. However, the twister veered 

' suddenly and passed directly over the passenger cars. 
These weighed almost sixty-five tons each, but five of 
them were wrenched off the rails and wrecked by the awful 
power of the storm. 

Under the impact of a tornado many buildings appear 
to explode, This is because of the vacuum created within 
the vortex of the storm. Since the air inside enclosed 
structures is at atmospheric pressure, this outer vacuum 
produces a powerful bursting pressure which destroys 
wooden and masonry walls as though they were paper. 
Generally, strong mortar buildings suffer the least damage. 
Multistory structures invariably lose their roofs and may 
suffer severe damage to their upper stories while the lower 
levels remain intact. Often tornadoes can be escaped easily 
by driving or even running at right angles to the storm 
path. 

During the 1953 season there were almost three times 

as many tornadoes in the United States as there are during 
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normal years. Many laymen and some scientific observers 
believe that these were due, at least in some measure, to 
the large number of atomic bomb blasts carried out in this 
country for test and development purposes. Official state- 
ments from government scientists have repeatedly reas- 
sured the nation that there is little if any basis for this 
belief. They point to the fact that atomic bomb blasts are 
tame compared with the fury of a tornado, and that the 
development of these storms does not appear to have any 
correlation with the atomic bursts. 

On the other hand, some eminent physicists mention 
the fact that only a few ounces of silver iodide drifted into 
a cloud are required to trigger thousands of tons of rain- 
fall. They insist that in a like manner, the A-bombs may 
trigger the violent, explosive tornado. Following bomb 
blasts, they say, the air is filled with radioactive dust parti- 
cles. Physically, this dust is very similar to that which is 
used in cloud seeding. If the weather conditions are just 
right, they believe that these charged dust particles may 
be the cause of our current crop of twisters. 

In support of their theory, they cite the case of the East- 
man Kodak Company located in Rochester, New York. 
Ever since the first of the atomic blasts detonated in this 
country, Eastman has had trouble with its sensitive photo- 
graphic film, despite the fact that the firm is located al- 
most three thousand miles way from the testing ground. 
In fact, officials of the company are now warned when- 
ever bomb tests are about to be conducted so that they 
can take steps to safeguard their valuable films. Some sci- 
entists believe that if atomic dust can cause its charac- 
teristic milk-white coating to form on the surface of film 
three thousand miles away, then it is also possible that 
the Same dust can be the cause of tornadoes over the 
Midwest and even the eastern states, 

Modern scientists are all willing to admit that the 
Weather equation is a hair-thin balance of many complex 
Variables. Some very minor variations are known to result 
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in major weather changes; therefore, while there is no 
positive proof that atomic bombs have any general effect 
upon our weather, the possibility cannot be discounted. 
The final answer will be known only when we have a bet- 
ter understanding of weather phenomena. 

Many pictures of tornadoes have been taken. Some of 
these show the storm as a straight cylinder from top to 
bottom; others are larger at the bottom than at the top; 
and some have an hourglass figure. Generally, the funnel 
seems to bend and sway back and forth as the storm 
travels over the ground. 

On the third of January, 1949, a tornado developed 
near Warren, Arkansas. Mr. B. P. Hughes of the United 
States Weather Bureau had the opportunity of flying along 
the path of this tempest shortly after it had dissipated. He 
found that the storm had passed over the southern edge 
of Warren, a town of about 7,500 people. Near the cen- 
ter of the path, nothing was left standing. The ground ap- 
_peared to have been burnished by a gigantic power buffer 
and reflected light like a strip of waxed floor which had 
been recently polished. The destruction was complete out 
to a width of about three hundred feet in each direction 
from the center of the tornado’s path. There was an area 
of decreasing damage for another three or four hundred 
feet on either side. He also noted that the path of destruc- 
tion contained several skip-distance tracts which exhibited 
no damage at all. The storm had traveled its entire course 
in a northeasterly direction with little deviation from a 
straight line. The local area was very wet, indicating that 
a large amount of rain had fallen during the storm. 

Although tornadoes have been reported at all hours of 
the day, most of them occur in the late afternoon and early 
evening. In Kansas, seventy-five per cent have commenced 
between noon and 8 P.M. 

A number of people have been trapped inside a tornado 
and lived to tell of the experience, but few were trained 
weathermen. Captain Roy S. Hall, U.S. Army, Retired, 
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who lives in the little town of McKinney, Texas, has made 
the study of weather his hobby. He not only survived the 
terrors of a tornado but also wrote a fascinating account 
of his experiences. 

Captain Hall was sitting placidly in his back yard talking 
with his wife on the warm afternoon of May 3, 1948. He 
had noticed several small thunderstorms muttering and 
grumbling in the southwest but had given them little at- 
tention. His wife remarked that the wind was blowing 
from the south at about twenty-five miles per hour and 
exerting a steady pressure against the leaves of the nearby 
trees, A short time later Captain Hall was surprised to 
hear a loud clap of thunder. Looking to the west he 
noticed that a huge, very black cloud obscured the entire 
horizon. Below this cumulonimbus was a feathery roll 
cloud characteristic of those which precede thunderstorms. 
Behind the roll cloud he could catch glimpses of a solid 
curtain of dark green rain. The air appeared very humid 
and the temperature was about 85?. In graphic terms, 
Captain Hall in the magazine Weatherwise describes what 
followed: 


- “The squall, now about two miles away, was com- 
ing directly toward us, and the scud cloud, stretched 
across its front between four and five hundred feet 
above the earth, was revolving as if it were being 
pushed in reverse along the ground. Behind the scud 
cloud, dark green rain was falling in a solid opaque 
wall. The south wind was veering. In a matter of a 
few seconds it had changed, and was blowing, un- 
diminished, from the southeast toward the cloud. 
Lightning, the most fearful I have ever seen, and wide 
as a house, flashed with some regularity between the 
scud cloud and the ground. In the comparative still- 
hess following the terrific thunder crashes I could 
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Captain Hall and his family sought shelter in their 
house. When the low roll cloud moved overhead, the 
visibility decreased as with the coming of night. Hailstones 
larger than tennis balls began falling around the house, 
striking the roof and the yard with a loud clatter. From 
the sound, he could tell that some of them were tearing 
through the ceiling. Lightning was now striking all around 
the house. Captain Hall discovered with horror that the 
west wall had slipped inward about six inches at the 
ceiling and was vibrating under the force of the wind. 
Between flashes of lightning it was coal-black outside, but 
Captain Hall was able to catch brief glimpses of his neigh- 
bor’s house and the surrounding yard. He noticed that the 
shrubs and trees were blown almost flat, and that the air 
was filled with debris. His eardrums were buffeted by a 
roar like that of a fast freight booming through a long 
tunnel. His story continues: 


“And then very suddenly, when I was in the middle 
of the room, there was no noise of any kind. It had 
ceased exactly as if hands had been placed over my 
ears, cutting off all sound, except for the extra- 
ordinary hard pulse beats in my ears and head, a 
sensation I had never experienced before in my life. 
But I could still feel the house tremble and shake 
under the impact of the wind. A little confused, I 
started to look out the north door, when I saw it was 
growing lighter in the room. The light, though, was 
so unnatural in appearance that I held the thought 
for a moment that the house was on fire. The illu- 
mination had a peculiar bluish tinge, but I could see 
plainly. I saw the window curtains lying flat against 
the ceiling, and saw loose papers and magazines 
packed in a big wad over the front door. Others were 
circling about the room, some on the floor and others 
off it. I came out of my bewilderment enough to 
make a break for the back of the house. 
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“But I never made it. There came a tremendous 
jar, the floor slid viciously under my feet, and I was 
almost thrown down. My hat, which I had not re- 
moved, was yanked off my head, and all around, 
objects flashed upward. I sensed that the roof of the 
house was gone. 

* As I gained footing another jarring wham caught 
me, and I found myself on my back in the fireplace, 
and the west wall of the room had collapsed right 
down on top of me. The *whams" were just that. In- 
stead of being blown inward with a rending crash of 
timbers, as one would expect of a cyclonic wind, the 
side of the room came in as if driven by one mighty 
blow of a gigantic sledge hammer. One moment the 
wall stood. The next it had been demolished. The 
destruction had been so instantaneous that I retained 
no memory of its progress. I was standing, and then 
I was down, ten feet away. What happened between, 
I failed to grasp or to sense. 

“By a quirk of fate I was not seriously injured, and 
as soon as I had my senses about me I clawed up 
through the wreckage, and crawled around and 
through the hole where the east door had been. I 
could tell by the bluish-white light that the roof and 
ceiling of this room were gone also. I almost ran over 
my four-year-old daughter, who was coming to see 
about me. Grabbing her up, I was instantly thrown 
down on my side by a quick side-shift of the floor. 
I placed her face down, and leaned above her as a 
protection against flying debris and falling walls. 

"I knew the house had been lifted from its founda- 
tion, and feared it was being carried through the air. 
Sitting, facing southward, I saw the wall of the room 
bulge outward and go down. I saw it go, and felt the 
shock, but still there was no sound. Somehow I could 
not collect my senses enough to crawl to the small, 
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stout back room, six feet away, and sat waiting for 
another of those pile-driver blasts to sweep the rest 
of the house away. 

“After a moment or so of this, I became aware that 
T could see my neighbor’s house, standing unharmed 
a hundred feet to the south. Beyond I could see 
others, apparently intact. But above all, I felt a vast 
telief when I saw that we were still on the ground, 
The house had been jammed back against trees on 
the east and south and had stopped, partly off its 
foundation. 

“The period of relief I experienced, however, was a 
very short one. Sixty feet south of our house some- 
thing had billowed from above, and stood motionless, 
save for a slow up-and-down pulsation. It presented 
a curved face, the concaye part toward me, with a 
bottom rim that was almost level, and was moving 
neither- toward nor away from our house. I was too 
dumbfounded for a second even to try to fathom its 
nature, and then it burst upon my befuddled brain 
with a paralyzing shock. It was the lower end of a 
tornado funnel. I was looking at its inside, and we 
were, at the moment, within the tornado itself! 

“The bottom of the rim was about twenty feet off 
the ground, and had doubtless destroyed our house 
а few minutes before as it passed. The interior of the 
funnel was hollow, the rim appearing not over ten 
feet in thickness and, owing possibly to the light 
within the funnel, perfectly opaque. Its inside was so 
slick and even that it resembled the interior of a 
glazed standpipe. The rim had another motion which 
I was, for a moment, too dazzled to grasp. Presently 
I did. The whole thing was rotating, shooting past 
from right to left with incredible velocity. 

“I lay back on my left elbow, to afford the baby 
better protection, and looked up. In that upward 
glance my stricken eyes beheld something few have 
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ever seen before and lived to tell about. I was looking 
far up the interior of a great tornado funnel! It ex- 
tended upward for over a thousand feet, and was 
swaying gently and bending slowly toward ће south- 
east. Down at the bottom, judging from the circle in 
front of me, the funnel was about one hundred and 
fifty yards across. Higher up it was even larger, and 
seemed to be partly filled with a bright cloud, which 
shimmered like a fluorescent light. This brilliant 
cloud was in the middle of the funnel, not touching 
the sides, as I recall having seen the walls extending 
on up outside the cloud. 

“Up there, too, where I could observe both the 
front and back of the funnel, the terrific whirling 
could be plainly seen. As the upper portion of the 
huge pipe swayed over, another phenomenon took 
place. It loked as if the whole column were composed 
of rings or layers, and when a higher ring moved on 
toward the southeast, the ring immediately below 
slipped over to get back under it. This rippling mo- 
tion continued on down toward the lower tip. 

“Tf there was any debris in the wall of the funnel, 
it was whirling so fast that I could not see it. And if 
there was a vacuum inside the funnel, as is commonly 
believed, I was not aware of it. I do not recall having 
any difficulty in breathing, nor did I see any debris 
rushing up under the rim of the tornado, as there 
surely would have been if there were such a vacuum. 
1 am positive that the shell of the twister was not 
composed of wreckage, dirt or other debris. Air, it 
must have been, thrown out into a hollow tube by 
centrifugal force. But if this is true, why was there 
no vacuum, and why was the wall opaque? 

“When the wavelike motion reached the lower tip, 
the far edge of the funnel was forced downward and 
jerked toward the southeast. This edge, in passing, 
touched the roof of my neighbor's house and flicked 
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the building away like a flash of light. Where, an 
instant before, had stood a recently constructed home, 
now remained one small room with no roof. The 
house, as a whole, did not resist the tornado for the 
fractional part of a second. When the funnel touched 
it, the building dissolved, the various parts shooting 
off to the left like sparks from an emery wheel. 

“During pistol practice in the Army, when the light 
was favorable, I have seen bullets from a .45-caliber 
pistol flash from a gun to target, The bullets have a 
known velocity of 825 feet a second. The white 
planks from the house moved at a speed equal to, if 
not greater than, that of the bullets, which would 
establish the velocity of the tornado’s rotation close 
to 600 miles per hour. This, I believe, is conserva- 
tive. My own conviction is that the funnel was spin- 
ning faster than the speed of sound, accounting, in 
some way beyond my knowledge, for the total lack 
of noise within it. 

“The very instant the rim of the funnel passed be- 
yond the wreck of the house, long vaporous-appear- 
ing streamers, pale blue in color, extended out and 
upward toward the southeast from each corner of the 
remaining room. They appeared to be about twenty 
feet long and six inches wide, and after hanging 
perfectly stationary for a long moment, were sud- 
denly gone. 

“The peculiar bluish light was now fading, and was 
gone abruptly. Instantly it was again dark as night. 
With the darkness my hearing began to come back. 
I could hear the excited voices of my family in the 
small back room, six feet away, and the crunching 
jars of heavy objects falling around the house. The 
tornado had passed. The rear edge was doubtless 
high off the ground and went over without doing any 
damage. Quickly, real daylight commenced to spread 
in the wake of the storm, and how good it did look! 
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And how astonishing! I had come to believe, those 
few long minutes, that the tornado had struck in the 
night time. It was now about 3:06 р.м.” 


Although Captain Hall's house was wrecked, fortunately 
none of his family was seriously injured. The storm passed 
on through the southern part of McKinney, Texas, and 
caused property damage of more than five million dollars. 
Many people were killed or injured. 

The most singular and awe-inspiring weather phenom- 
enon to be found at sea is the volatile union of sea and 
sky known as the waterspout. This fascinating and often 
violent outburst of nature is a close kin to its landlocked 
neighbor, the tornado. 

There are some important differences between the land 
variety of twister and those Which inhabit the oceans. 
Tornadoes are bred and develop along the frontal zones 
between warm- and cold-air masses, while waterspouts 
form under a wide variety of ocean weather conditions. 
Sometimes they develop beneath sparkling sunlight with- 
out a cloud in the sky, but more often they are observed 
under the cumulus clouds of a frontal squall line. Tor- 
nadoes last longer and are more violent than waterspouts; 
furthermore, they travel faster and are somewhat larger. 

Waterspouts rarely last for more than an hour and 
many of them complete their life cycle in less than five 
minutes. Although the tornado always rotates with a 
counterclockwise motion, the waterspout may revolve in 
either direction, The tube may be only a few feet in diam- 
eter or as much as one hundred yards at its narrowest 
part. It may rise many thousand feet into the upper air or 
only a few feet, like the dust whirls which develop over 
the midwestern plains. 

In the average case, the waterspout begins as a down- 
ward-projecting bulge from a cumulus cloud. This cloud 
Projection lengthens seaward and at the same time the 
Surface of the water below is disturbed by an intense, 


The Twisting Winds / 93 


boiling eddy. The center of this eddy lifts as though 
pushed from below, and the surface water is blown up- 
ward in a misty spray. This spray forms the lower part of 
the tube which reaches upward to unite with the cloud 
projection above. In the meantime, the air between the 
surface and the cloud layer has begun to whirl and con- 
dense its moisture. As the tube becomes a single vertical 
cylinder, the waterspout reaches its greatest intensity. By 
this time the waterspout cloud is dark, almost black, and 
the force of the wind has reached violent proportions; at 
this stage, a loud roaring sound accompanies the storm. 
Observers who have seen many well-developed twisters at 
sea emphatically declare that the formation of this giant 
of nature is invariably fearful and foreboding. 

Waterspouts form in all the oceans and in many lakes. 
Some of the midwestern tornadoes become waterspouts 
when they pass over lakes and rivers, and often they form 
in chains out of elongated clouds in southern waters. The 
sailor can never be sure when he will see a waterspout, 
for they develop during all months of the year. They occur 
most frequently from May to September. 

Many observers have reported strange and unusual 
waterspouts. One of these had a huge bulge in the upper 
center which, according to an observer, made the tube re- 
semble the neck of an ostrich which had just swallowed 
a grapefruit. Another sea twister had a very complicated, 
twisting tube which doubled back upon itself in a large 
loop. At the instant the coils made contact with each other, 
the waterspout collapsed completely and disappeared. 

The tubes of some waterspouts are made of a solid, 
glistening wall of water; others are composed of fine spray. 
Modern ships have penetrated this latter type of storm 
and have found that winds are only moderate and that 
the only noticeable effect was a thin mistiness which 
covered the ship as it went through. Other storms have 
wrought terrible damage. On August 19, 1895, a gigantic 
waterspout developed in Vineyard Sound, Massachusetts. 
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This storm formed out of the base of a huge cumulus cloud 
and was at least 145 feet across at its narrowest part; 
the mammoth tube extended upward over half a mile. The 
fact that sea water is carried aloft into the mothering cloud 
by such spouts was definitely proven when, hours later, 
salty rain containing a few small fish fell on Martha’s 
Vineyard. As an aftermath of such storms, ships have 
been deluged not only with rain and hail but, in northern 
waters, with chunks of ice six inches in diameter. 

Waterspouts sometimes form with two tubes, one inside 
the other. There are indications that water is often pulled 
upward through the center of the tube by the relative 
vacuum which exists inside the storm. The mouth of the 
spout generally rests upon a shelf of foam which may be 
several feet high and many feet in diameter. Surrounding 
this shelf is a cloud of spray which extends aloft for con- 
siderable distances in a strong waterspout; this spray 
sometimes inflicts considerable damage on nearby ships. 

Modern seamen do not fear the waterspout as they did 
in ancient times. Due to the relatively slow speed of these 
sea twisters, they can be circumnavigated with ease by 
power-driven vessels. 

There have been some rather unique theories advanced 
for destroying these storms, among the most unusual of 
which is the use of artillery fire. According to those who ` 
believed in this method, a direct hit by the shell from a 
Naval gun would collapse a waterspout, on the theory that, 
once such a projectile had punctured the tube, the internal 
vacuum would be destroyed and the funnel would disinte- 
grate. So far, the theory has never been tested and most 
modern weathermen do not believe that a momentary 
puncture of the tube would produce the desired effect. 

The complete understanding of waterspouts and tor- 
nadoes remains one of nature's most intriguing mysteries. 
Weathermen know that they are the product of unstable 
weather condtions, but the exact mechanism which must 
exist to produce them is hidden behind the suddenness and 
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fury of their development. However, modern man has 
found the rewards of understanding to be magnificent, in- 
deed, Because of his inquiring mind, he is no longer one 
of many jungle animals in mortal terror of the stronger 
beasts. He will continue his search for understanding of 
the tornado, knowing that it too will some day fade into 
the limbo of the once-feared. 
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THE HAUNTED DAYS OF EARLY BRUTE MAN WERE FILLED 
with many terrors which developed out of vagaries in the 
natural world. As a youth he became aware of the thunder 
and lightning that flamed across his senses and unleashed 
sudden death. The great polar icecaps ground slowly 
toward the equator in their mysterious periodic swing, and 
he learned of cold and bitter, implacable weather storms. 

Since no mortal means of protection from these phe- 
nomena were available to him, he created immortal ones 
in the form of holy images which he worshipped and to 
which he offered sacrificial gifts. And as the winds lashed 
him and the deadly chill settled in his caves, his courage 
was kept alive only by faith in these gods. 

One such deity was known as Huracan, meaning “God 
of all evil.” It was created by a tribe of aborigines called 
the Tainos who established an extensive culture in the 
Greater Antilles and Bahama Islands. Although the Tainos 
are now extinct and their civilization is long buried beneath 
tropical growth, their word with its suggestion of dread 
lingers on. 

Half a world away, in the Pacific Ocean where the same 
great storm is called the typhoon, the fear is just as real. 
On the great coral islands which dot the Pacific storm belt, 
panic-stricken natives offer up sacrifices—formerly human 
sacrifices—so that they may be spared from destruction. 
During World War II there were indications that the in- 
vading Japanese soldiers succumbed to the local tradition. 
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A majestic cumulonimbus towers over the bay, bringing 


rain squalls, hail, and gusty winds. These clouds usually 
last no more than a half-hour. 


(All photographs courtesy of the United States Weather Bureau.) 


Cumulonimbus mixed with stratus clouds tower above 
the hills and valley. Cloud formations like these provide 
the constant variety in our daily weather. 


Eye of Hurricane Esther seen from 20,000 feet. These 
| clouds form the floor of the “eye.” This picture was 


taken from a Weather Bureau hurricane research plane 
on September 16, 1961. 


A hurricane hurls its full violence against the Florida 
Coast. Such storms do millions of dollars worth of 
damage every year. 


Lightning per- 
forms a brilliant, 
awesome dance 
over the Midwest- 
ern plains, light- 
ing the night sky. 


i from 
This is the long, delicate tube of a tornado. Seen 
a safe а ено the tornado appears quite ај 
up, it becomes the most terrifying of weather 
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а This picture of 
the Great Lakes 
y area was taken 
by Tiros IV, the 
: weather satel- 
lite, on April 16, 
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shows Lakes 
Ontario, Erie, 
Huron, Michi- 
gan, and Supe- 
rior. Also shown 
is ice-covered 
Lake Nipigon in 
the upper left. 
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the weatherman. The above picture shows some of the 
information which it provides. 


Viewing a storm on the Scope of the weather surveil- 
lance radar. Storms may be detected and tracked at 
distances of up to 250 miles. This photograph shows a 
hurricane superimposed on the radarscope, simulating 
an actual image of one that might occur. 


THUNDERSTORM COLD FRONT 
Radar has become one of the most valuable tools of 


With all the new tools of science, most of the work of 
forecasting is still done by skilled men. Here, construct- 
ing the daily series of prognostic charts for a five-day 
forecast, are two U.S. Weather Bureau specialists. 


This is the plotting unit of the electronic computer- 
plotter. Working with a digital-to-analog converter (not 
shown) this plotting unit draws contours of the pressure 
Surface of the atmosphere at specified heights. The map 
of the Northern Hemisphere, measuring 30 by 30 
inches, is drawn in ink in less than three minutes. 
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These soldiers, capable of suicidal charges in battle, were 
no braver than the conquered natives in the face of the 
storm. They likewise made offerings to the dreaded ty- 
phoon god. 

There are no earthly furies capable of comparison with 
the hurricane. Life exists only because these storms are 
relatively rare and because their force is spread and dissi- 
pated over many thousands of square miles. Scientists, who 
have estimated the hurricane’s violence, say that it would 
take the continuous explosion of one thousand atomic 
bombs a minute to equal the energy output of a moderate 
storm. Thus, man’s mightiest weapon is a mere firecracker 
when compared with this gigantic sky-borne artillery. 

The damage wrought by these storms is truly incredible. 
In 1900 the edge of a hurricane struck Galveston, Texas. 
That brief encounter killed 6,000 people, devastated the 
city, and caused damage estimated at $20,000,000. This 
havoc, the greatest encountered in our country, pales into 
insignificance when compared with a typhoon which roared 
through the Bay of Bengal on the seventh of October in 
1737. When the winds subsided, 300,000 persons were 
dead. Entire areas were stripped of human life. Others 
Were completely devastated, every structure smashed flat 
against the pulpy ground. Over 20,000 boats and vessels 
Were sunk. This, the worst natural disaster of all time, 
almost equaled the number of American (6.175 killed in 

. World War II. у 

The sensations produced by the force of hurricane winds 
are similar to those which would be felt by a man strapped 
to the nose of a modern airliner in full flight. Average 
winds of 150 miles per hour are common; gusts of 250 
have been registered in some storms. Winds of this titanic 
Power surge the sea’s surface into giant tidal waves which 
engulf harbors and the cities that lie beyond them. With 
Casual flicks, such waves beach ocean-going liners and 
Toll automobiles down debris-strewn streets in grim imi- 
tation of a monstrous bowling alley. Entire houses are 
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often wrenched from their foundations and hurtled against 
those of neighbors; cities are sometimes completely de- 
stroyed. Rain accompanies the wind, but on an unbeliev- 
able scale and like no other rain known to this earth. The 
world’s record rainfall of forty-six inches, at Baguio in the 
Philippine Islands, occurred during a typhoon. Enough 
water fell during a twenty-four hour period to cover the 
entire island with a depth of over three feet: 

In the face of such incredible forces, it is not remark- 
able that the ancient dread and awe of the hurricane per- 
sists. However, gradually we have not only learned to un- 
derstand the forces which create such storms, but can now 
send our investigating agents into the very heart of the 
storm itself. 

In order to understand the mechanism of the hurricane, 
let us explore its source regions. Hurricanes are most 
common in the Atlantic Ocean and the Gulf of Mexico. 
Similar storms originate in the band of the Pacific Ocean 
near Formosa and the Philippines. The only difference be- 
tween the Pacific typhoon and the Atlantic hurricane is 
one of terminology. Great arguments have taken place be- 
tween sailors and airmen as to which of the two oceans 
Spawns the greater storms; so far the decision has gone 
to the side which argued the loudest. The violence of the 
hurricane is so awesome and extensive that measurements 
of its intensity are of necessity not entirely accurate. 
Hurricanes and typhoons always form in the hot, humid at- 
mosphere of the inter-tropical front. This front is not real- 
ly a front at all but is born within the tropical air mass as 
a result of the intense heat-pumping action of the sun’s 
energy which causes the warm, wet air to rise and create 
clouds. 

During the summer months, the inter-tropical front 
moves northward, following the sun and undulating snake- 
like over the softly swelling equatorial seas. It forms a huge 
globe-circling belt of weather characterized by shifting, 
gusty winds, sudden showers, and cumulus-type clouds 
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which swell frequently into cumulonimbus rising to tower- 
ing heights. Because of its restless weaving from north to 
south, nodes and valleys form in the inter-tropical front, 
and these sometimes extend northward far beyond the 
limits of the front itself. Such indentations are known as 
easterly waves because they move from the east, and their 
development brings intense showers and violent winds. 
The resulting instability may produce a tropical disturb- 
ance which the weathermen will begin to plot on their 
charts and follow carefully. 

If the variables in the weather equation fall into favor- 
able balance, and if the disturbance is far enough north 
so that the motion of the earth momentarily enables the 
winds to twist, a counterclockwise circulation develops and 
a hurricane is born. The new storm soon breaks away from 
the mothering inter-tropical front and begins to wind up 
with terrible intensity in much the same way that a torna- 
do develops, except that it covers a much wider area. , 

The hurricane builds from hour to hour. Like a gigan- 
tic wheel rolling down a precipice, it gains momentum from 
itself, fed and nurtured by its own movement. The winds 
blow counterclockwise, beating the tropical seas with ter- 
rible force. Waves of опе hundred feet rise and follow 
each other in close cadence. The boiling surface of the 
Water takes on the texture of a scorching-hot bubble bath 
With the spray extending upward several hundred feet. 
Near the center of the storm, the seas are blown flat so 
that their surface becomes a solid sheet of foam. Heavy 
Clouds lie three or four hundred feet over the ravaged 
Water, pouring torrents of rain back into the sea. 

The central vortex becomes a dead, eerie calm. Often 
there are no clouds overhead and the sun gleams through 
With an unnatural brightness. The seas are choppy and 
Confused. Occasionally, the eye ef the vortex will be filled 
With birds circling desperately in an attempt to escape 
the fury, Ships caught in the storm will often seek to ride 
1 out within the protecting funnel of the eye. The birds 
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land on the ships and cling desperately to the rigging, 
grateful for a brief respite. 

Violent vertical drafts surge in the counterclockwise 
swirl of the hurricane. Near the edge of the storm, these 
drafts beat down against the surface. At the eye they 
rocket upwards, lifting millions of tons of warm air into 
the upper troposphere. So violent is this skyward rush that 
the sea surface below is actually raised up in the same 
manner as water sucked up through a straw. The agitated 
sea, seeking to compensate for this mountain of water, 
convulses and sends giant tidal waves outward. Billions 
of tons of sea water are torn from the parent body and 
ascend with the air torrent at the eye. Later this mass will 
be returned to the surface as torrential rain during each 
day in the life of the storm. 

Not many years ago weathermen believed that lightning 
and thunder accompanied hurricanes. But recent investiga- 
tions have shown that there is remarkably little electrical 
disturbance in well-developed storms, although the reason 
for this remains a mystery. Definite records exist, however, 
of tornadoes created within hurricane storm areas. During 
the night of October 4, 1933, a large tropical storm of 
considerable intensity passed just south of Miami, In the 
same period, tornadoes passed through Miami, Fort Lau- 
derdale, and Hollywood Beach. In these cases, the torna- 
does did more damage than the hurricane which created 
them. 

The development pattern of a hurricane has been studied 
in recent years by scientists using the wizardry of radar. 
Upon the blue-white electronic scope, the cloud patterns 
toll outward like scrolls of silver. The tenuous bright lines 
denoting the air flow can be traced from the weather- 
man’s warm room at the comfortable distance of several 
hundred miles. But even with these safeguards, the hur- 
ricane is awesome and dreadful. Its movement and growth 
are plainly visible as the observer watches. In the space of 
a few hours the center develops from a dark smudge to а 
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clearly defined circle. The brilliant white area of rain 
clouds and turbulence enlarges with each sweep of the 
radar, and the course and speed of the storm are easily 
estimated. The trained weatherman is fascinated by the 
scope as he studies the mighty torrents of wind and rain, 
knowing that there is no greater display of the terrible 
fury of nature. 

Nordhoff and Hall in their book Hurricane caught the 
essence of the storm when they wrote: “The nakedness of a 
hurricane’s truth is not revealed at once. You think you 
are seeing it within an hour after the wind comes, but 
your experience of the pitiless majesty of nakedness is 
enlarged from moment to moment. . . .” 

Although the use of radar has enabled the weatherman 
to locate a hurricane and track it on the move, he is still 
unable to predict the precise future path of the storm. At 
best he can only make a guess based on his knowledge of 
previous storms. -Many efforts have been made to predict 
the hurricane track from accumulated data obtained from 
other storms. All have failed; the hurricane follows no 
Statistical law, The terror of the skies veers and wheels 
as unpredictably as does its baby brother, the tornado. Its 
path can be almost any length or direction. The great hur- 
Ticane of September 1853 was born near the coast of 
Africa, and traveled almost to the eastern seaboard of the 
United States. Off Cape Hatteras it curved northeastward 
and when last plotted was heading toward Greenland, 
traveling a destructive path of more than 5,000 miles! 
Contrasted to this demon, the violent storm of October 
1952 was insignificant. The October storm flared up just 
South of Cuba and died near the Bahamas, a distance 
totaling but a few hundred miles. The 1853 storm raged 
for weeks; the 1952 storm had a short but turbulent life 
9f only five days. А 

Voluminous statistics have been compiled on the size 
and strength of hurricanes. So far they have yielded no 
Statistical constants. Like the three bears, there are little 
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hurricanes, medium-sized hurricanes, and big hurricanes. 
Many storms sweep over half an ocean; others are local- 
ized in small areas. Generally speaking, the small storms 
are likely to be more intense since the pressure drop be- 
tween the eye of the storm and the outermost fringe is 
more abrupt. This steeper pressure drop or pressure grad- 
ient causes more violent winds. 

One of the most remarkable things about science is that 
it gives us tools that we can sometimes use to control 
phenomena which science itself cannot fully explain. The 
fact that we do not really understand the electric flow we 
call electricity does not prevent us from piping it through 
wires, lighting our lights and driving our motors. Our 
knowledge of nuclear physics is far from complete, yet 
miracles and horror, too, have been wrought from that par- 
tial knowledge. And so it is with hurricanes. Although our 
understanding of the great storms is extremely limited, we 
have nonetheless established some very useful working 
principles. 
` The hurricane wages aerial warfare against a community 
as devastating as the bombing raids of World War II. 
Like the bomber strike, the best action short of stopping 
the storm (a trick we have yet to learn) is sounding the 
alert. Given enough time, there is much that can be done. 
We can lash our outdoor belongings to the ground, shutter 
our windows, and, above all, get ourselves and those we 
love into hurricane shelters. The story of how man has 
succeeded in the Gargantuan task of hurricane protection 
is one of the least publicized and most thrilling tales of our 
times, 

The story of organizing the hurricane alert began at the 
end of World War II. During the conflict radar emerged 
from the laboratories and became standard equipment on 
aircraft. Seaching for deadly German U-boats, the radar 
operators noted that their florescing instruments would of- 
ten indicate a target which, when investigated, turned out 
to be a weather storm. They reported this fact to head- 
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quarters and went back to their monotonous search. When 
the war was over and planes and personnel were free from 
their former missions, headquarters set up the Joint Hur- 
ticane Warning Service. The Air Force, the Navy, and the 
U. S. Weather Bureau closed ranks in order to reduce the 
death toll and damage caused by the recurring hurricanes. 
Reconnaissance planes of the Navy and the Air Force 
probe the turbulent storms, and the Weather Bureau 
Studies the resulting data to forecast the storm path and 
alert the unsuspecting communities involved. The com- 
bined efforts of the Joint Hurricane Warning Service have 
produced spectacular results and have provided one of the 
most valuable peacetime aids rendered to the civilian popu- 
lation by the military. The saving in human life alone 
is indicated by the fact that during the period from 1926 
to 1930 there were 161 deaths for each $10,000,000 worth 
of property damage. Today thanks to those who sound the 
hurricane alert, the death rate has fallen to about two 
deaths for the same amount of property damage. 

A pilot once described flying as “hours of boredom oc- 
casionally interrupted by moments of stark terror." The 
experience of riding through a hurricane in a weather- 
reconnaissance airplane fits nicely into this definition—ex- 
Cept that there is no boredom. Weather-reconnaissance 
Ilying is one of the most tense and hazardous operations in 
а generally tense and hazardous occupation. Fortunately 
the crewmen on such flights are so busy that they do not 
have time to become really frightened until the worst of 
the storm is behind them. This is their story. К 

The first warning of an Atlantic hurricane or a Pacific 
typhoon is usually a ship report. Perhaps the skipper of a 
Passing freighter notices an unusually low pressure on his 
barometer early one morning. Quickly the word flashes 
Out by radio to the Hurricane Warning Service in Miami: 
"Low pressure of 28.2 inches at 18° North, 82° West, 
heavy swell, low overcast.” D 

The message causes the Warning Service to spring into 
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action. Before dawn a Navy Super Constellation (WV-1) 
lifts its sleek nose into the blue from the Weather Squad- 
ron’s base at Jacksonville, Florida. The hunt for the hur- 
ricane is on. 

The time en route to the suspected area is spent in 
checking over plane equipment such as the radar, radio, 
and navigation gear. Once inside the storm belt, the navi- 
gator must prepare and the radio operator must send a 
position report every fifteen minutes. This requires train- 
ing, good equipment, and first-class co-ordination. 

If the suspicious area is a true hurricane, the pilots and 
aerologists will generally become aware of this fact well 
before they reach the actual storm. Both sea and sky as- 
sume an appearance of strange unease. The first clouds 
are high cirrus fanning outward in vaporous streaks. The 
sea looks confused with a nasty chop beginning to form. 
The air is soft with a queer wool-like mugginess. 

The sky ahead takes on a haze which swiftly deepens in- 
to the famous “hurricane blue.” Squadrons of TOW scud 
clouds, flying swiftly before the storm, billow beneath the 
cirrus. The atmosphere becomes sticky and humid; the 
crewmen are hot and suffocated inside their cumbersome 
flight suits, life jackets and parachute harnesses. 

Wind streaks appear on the water below, faint uncer- 
tain lines on the darkening sea. The aerologist compares 
them with the pictures of water patterns which he carries 
with him and estimates the wind at about twenty knots 
from the north. When the next position report is sent out, 
this information will go with it. 

An atmosphere of tense waiting builds in the plane as it 
hurtles toward the storm. The radioman feels like the 
loneliest man in the world as he listens to the distant astral 
Sounds coming through his receivers. 

The second mechanic checks the engines from the blis- 
ters near the tail. He notices a curious dryness in his throat 
and wonders vaguely why he didn't request duty on board 
a destroyer. Destroyers are clean ships, and the chow 15 
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pretty good. He worries a little about the Number Two 
engine. Oil is blowing back from the breather tube in a 
sparkling black line. He makes a mental note to tell the 
first mechanic about it when they get back. 

The navigator, bending over his charts, begins to feel 
slightly sick from the pitching and tossing of the plane. 
He munches nervously on the crackers he brought for just 
such an emergency and braces himself against the naviga- 
tion table. 

The first big booming gusts of turbulence hammer the 
plane and both the pilots grab for the yoke at once. They 
have been flying on auto-pilot, and the blasts of wind catch 
them by surprise. The pilot flips off the auto-pilot switch 
and grins at the co-pilot as they wrestle with the controls. 
When the ship has settled down, they put the mixture 
control into auto-rich and increase the RPM's on the pro- 
pellers in case they need more power. The pilot fumbles 
through his flight suit and comes up with a ragged-look- 
ing package of gum. He offers a piece to the co-pilot who 
shakes his head, busily concentrating on the instruments. 

The technique of flying into the eye of a hurricane is in 
theory a very simple one, which is based on the law of 
storms. It merely requires that the pilot point the port 
(left) wing of the aircraft toward the direction from which 
the wind is coming. When this is done properly the wind 
blows from the left side and the plane is blown in an arcing 
Course directly into the eye of the storm. Departing is just 
as simple, The pilot maneuvers his starboard (right) wing 
Into the wind. 

But there are several complications. In order for the 
Pilot to keep the wind on the port side, the aerologist 
Must be able to sce the wind streaks on the water. This 
Means that the plane must fly underneath the cloud base; 
Since the hurricane clouds extend downward to within 
three to five hundred feet of the surface, flying in the 
Violently turbulent air becomes very tricky and requires 
fast reactions from the crewmen. Often the plane will pass 
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through patches where there is no ceiling at all and the 
scud extends right down to the surface. During those mo- 
ments the pilot can do nothing except fly by his instru- 
ments and hope that the clouds will lift. 

Another complication is produced by the tremendous 
pressure drop experienced on the flight into the storm. 
Since the aircraft’s altimeters operate on an air-pressure 
principle, they are seriously affected by this change. The 
pressure altimeter, for example, indicates that the plane 
is flying higher than it actually is. Thus, if the pilot were 
to believe the information furnished by his pressure alti- 
meter, he would soon fly into the water. 

In order to compensate for the error in the pressure al- 
timeter, hurricane-reconnaissance aircraft are fitted with 
radar altimeters, which read correctly in spite of pressure 
changes. 

Before heading into the storm, the pilots and aerologists 
will attempt to locate its weakest sector. They probe at it 
tentatively, like a bullfighter feeling out a new bull. If pos- 
sible, they will penetrate one of the softer rear areas, 
though in order to do this they must actually start in ahead 
of the storm because of the mighty drifting movement of 
the wind. 

Reconnaissance crews never know what to expect of a 
hurricane. If other crews have flown the storm before, they 
will do their best to describe it, pointing out its peculiarities 
and special dangers. However, during a period of twenty- 
four hours, its personality can make an abrupt about-face. 
A hurricane may be dry and smooth one day, violently 
turbulent and wet the next. 

The hurricane winds of equal force blow around the 
center in concentric, elliptical circles, which belly outward 
in the dangerous sectors. The actual penetration begins at 
the sixty-knot circle where the àerologist orders the pilot 
to put the wind on his beam; from this point on, the 
weatherman does the navigating for the crew, and their 
lives depend upon his decisions. 
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At the sixty-knot circle, perhaps seventy-five miles from 
the eye, the rain lashes down in solid sheets, creating a 
union of sea and sky that blots out the horizon. Although 
the crew has inspected the aircraft carefully before the 
flight, replacing putty and gaskets, the water pours in and 
all aboard are soaked to the skin. Rivet-gun sounds batter 
their senses as the hull bends and strains, its metal skin 
popping under the fury of the storm. Ahead, the mighty 
torrent is wild and full of danger; the wind-torn seas reach 
upward toward the crewmen with ever-increasing fury. 

The pilots scan the flickering instruments constantly. 
Rain cools the engines swiftly, and they watch the cylin- 
der-head temperatures with great care. Experience has 
shown that aircraft engines suddenly quit when cylinder- 
head temperatures fall below 100° C. Periodically an en- 
gine takes a slug of water through its intake manifold, 
floods and cuts with a fearful cracking sound. The wind 
streaks on the sea wheel in a rapid counterclockwise fash- 
ion, and the pilot must continually alter course to keep 
the wind on his beam. 

A few minutes before reaching the eye, the radar орега- 
tor will see dense patches of weather which glow like solid 
land upon his scope. He will notify the crew that the worst 
is dead ahead. By now the surface of the sea has the same 
appearance as the snow-covered ridges of Alaska. It is 
dead white; the waves are mountainous. The four-engine 
120,000-pound bomber leaps like a wild thing under the 
sledgchammer blows of the wind. It stands on a wing one 
moment; its nose is pointed at the sea the next. The pilots 
fight desperately with yoke, rudder, and throttle to main- 
tain in balance the delicate equation of flight. 

Behind the pilots, the crew is caught within the dark 
Cavernous hull, unable to see the storm or read the violent 
Story of danger in the instruments. But they feel the shud- 
dering fury through their bones and in their flesh. Their 
Senses are filled with the murderous buffeting and the angry 
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roar. Each one of them has become inwardly alone, iso- 
lated by the fury of the moment. 

The rain blasts over the wings as though shot from a 
high-pressure fire hose, and the metallic structure twists 
and distorts under the abnormal strain. The pilot senses 
everything that happens to his craft with the intuition born 
of many flight hours. He knows that even in routine flying 
structural failures will sometimes occur which can fell a 
plane, but he disciplines himself against such thought for 
he cannot afford the luxury of fear. 

Suddenly when it seems that the plane and the crew 
can stand no more, the roar subsides and they are literally 
tossed into the eye by the wind. An audible sigh passes 
through the ship. The trip out may be just as bad, perhaps 
even worse, but the crewmen feel the psychological advan- 
tage of having defeated the enemy. Relief is a physical 
thing which creeps into them slowly as hands relax their 
grip on equipment braces and faces lose the hollow look 
of strain. 

The atmosphere of the eye is a misty, greenish yellow. 
The plane is surrounded on all sides by dark olive-colored 
hurricane clouds; the sea looks wicked but confused. The 
radar operator notices that his scope is surrounded by a 
bright circle of weather echoes, He directs the pilot to 
steer courses which will keep the craft away from the ring 
of weather, and he carefully measures the diameter of the 
eye for the aerologist. 

While the crew relaxes momentarily, the pilot circles in 
the eye. The navigators catch up on their charts and the 
aerologist makes up his “eye report,” which will read ap- 
proximately as follows: 


HUREP NAVY EIGHT X EYE CENTERED 18- 
20N: 82-10W AT 1410Z X HIGHEST WINDS 130 
KNOTS FROM 080 DEGREES X LOWEST PRES- 
SURE 942 MILLIBARS X EYE WELL DEFINED 
BY RADAR X CIRCULAR IN SHAPE 16 MILES 
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IN DIAMETER Х RADAR COVERAGE ВЕ- 
LIEVED FEASIBLE X ADVISE FUTURE RE- 
CONNAISSANCE AIRCRAFT TO AVOID 
NORTH QUADRANT X EXTREMELY TURBU- 
LENT X VERY WET X EYE OVERCAST X RE- 
TURNING JAX. ү 


As soon as the eye report has been transmitted and 
"rogered for," the crew is ready to start back. But the 
Work of the hurricane-reconnaissance plane is not yet fin- 
ished. The men receive a message to circumnavigate the 
disturbance on the sixty-knot circle to determine the po- 
tential destructive area. It is not until hours later when 
they flash the message DISCONTINUING CIRCUM- 
NAVIGATING DUE FUEL EXHAUSTION that they 
can go home. 

When they arrive back in Jacksonville, they are bone- 
tired. Most of the airplane’s paint has been wiped clean 
from the wings and tail, bearing mute testimony to the 
intensity of the storm. Often fittings will be salt-encrusted 
showing that the aircraft was so low it actually flew within 
the surface spray. Р 

As the men disembark stiffly from the aircraft, their 
eyes are red-rimmed and tired. Immediately upon landing, 
Most of them are silent and ill-at-ease, as though unac- 
Customed to the strange familiarity of solid ground. They 
Stand in groups quietly with little to say. They puff deeply 
Оп cigarettes and seldom swear. А 

After their missions, the hurricane crews do not talk 
much about their work; when they do, it is in the humble, 
Quiet tones that they might use in church or during the 
Breat events of their lives. They know that the terror and 
Magnificence of the storm can never be imparted by words 
to other men. About the hurricane they feel perhaps like 

Угоп: Oh night and storm and darkness! Ye are wondrous 
Strong. Yet lovely in your strength. 
ased on the information from their eye report and 
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postflight summary, the U. S. Weather Bureau issues its 
hurricane advisory report and the storm track forecast 
for the next twenty-four hours. All over the coast of 
Florida people nail storm shutters over their windows and 
otherwise prepare for the big blow as a result of their re- 
connaissance. 

Man is no longer a moronic brute, and he no longer 
worships the hurricane as a god. He sends his aircraft out 
into the storm, plots its track on the blue-white radar 
scope, and blankets the country with notice of its coming. 
But no hurricane was ever subdued in the least fractional 
sense by any of his efforts. No hurricane has ever been 
caused to veer the merest trifle by his modern know-how. 
No hurricane has ever been predicted but only discovered 
by encounter. Nothing man has developed or dreamed of 
checks its terrible power. The great winds still ravage 
the earth and the tidal waves demolish the coast. Our ef- 
forts thus far have succeeded in but one phase: providing 
warning about nature’s most dangerous catastrophe. Per- 
haps as the curtain of his ignorance lifts, man will control 
the sun-created hurricanes as today he is able to control 
the climate of his air-conditioned house. But until that day 
comes, there will still be a need for the hurricane-hunting 
planes and their valiant crews. 
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IN TODAY'S WORLD THE STRIDES TAKEN TO BUILD OUR 
civilization are rarely the result of a single gifted talent. 
The lonely inventor working in his basement and the sci- 
entific genius isolated in his ivory tower have vanished to 
be replaced by corps of skilled research teams in modern 
air-conditioned buildings. Yet the great scientific advances 
have always been spearheaded by amateurs and all pro- 
fessions owe their origin to an amateur—for who can be 
а professional in a field not yet created? 

Weather science or meteorology, as it was named by 
Aristotle, is no exception. Today many of our distin- 
guished universities confer the degree of meteorologist 
upon skilled students. The basic laws have been established 
and the tools of the profession grow more complex daily. 
But in the Middle Ages no such science existed. Further- 
More, most people then felt that there was no need for it. 
Aristotle, the fabulous Greek whose word was unchal- 
lenged, had settled the question of weather adequately and, 
1 was thought, irrefutably almost two thousand years be- 
fore. His book Meteorologica, written in 350 B.C., solved 
the Weather problem for the civilized world for the next 
twenty centuries. 

. Aristotle based his theory of wea 
Чтеју on local conditions. He believed t 
Storm could be foretold from symptoms that could be seen 
in the sky overhead today. He neglected entirely the effect 
ОЁ Weather elsewhere in the world. And this purely visual 
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method was used throughout the turbulent but dogmatic 
Middle Ages. 

Only one flaw existed. Aristotle was wrong. By merely 
checking the weather against the forecasts, even the or- 
dinary person could see that his forecasting technique did 
not work. But the temper of the age was such that the 
fault was always attributed to the observer, never to the 
theory of Aristotle. 

Around the turn of the seventeenth century Galileo, the 
famous Italian astronomer and professional doubter, be- 
came entranced by the strange characteristics of the heavy 
metallic liquid called mercury. Much to his amazement, he 
found that a few ounces of mercury, placed in a tube, 
expanded and contracted with heat and cold. His experi- 
ments resulted in the world's first thermometer, and upon 
this discovery the foundation of modern weather science 
was laid. 

In 1643, Torricelli, a student of Galileo, observed an- 
other curious quality of mercury. When the liquid was 
placed in a bowl, not all of it ran out. In fact, a vertical 
column of about thirty inches remained. This held true 
for both fat and thin tubes, on hot days as well as cold— 
a truly mystifying fact. Torricelli noted, however, that the 
length of the column of mercury varied a few inches in 
height from day to day. Sometimes it climbed a little, and 
at other times it dropped. A true scientist, Torricelli re- 
corded his findings carefully and went on to other experi- 
ments. 

Blaise Pascal, the French physician, stumbled across 
Torricelli’s findings in 1647 and wrote a letter concern- 
ing them to his brother-in-law, who was an ardent moun- 
tain climber. Pascal expressed the opinion that the only 
force which could keep the heavy mercury from running 
out of the tube was the weight of the air resting on the 
liquid in the bowl. He believed that the thirty-inch column 
of mercury was equivalent to the total weight of the column 
of air above it. Since there would be less air above 4 
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mountain than there would be over a valley below, Pascal 
asked his brother-in-law to take one of Torricelli’s mer- 
curial tubes with him on his next mountaineering expedi- 
tion. The young man did and wrote back excitedly that 
the mercurial column was over three inches shorter at the 
mountain’s peak than it was at its base. Thus the baro- 
meter was born. Today it remains the most efficient method 
of measuring the weight of the column of air aboye us. 
Since most bad weather is associated with a decrease in 
air pressure, or low, as it is called, the barometer has be- 
come one of the most powerful tools of the weather fore- 
Caster, 

From these beginnings the story of weather science un- 
folds. Slowly and reluctantly, the simmering, mobile en- 
Velope of air gave up its mysteries. The great trade winds 
which filled the sails of the seventeenth-century galleons 
in their search for commerce caused the final overthrow 
of Aristotle’s weather theory. Seamen were forced to the 
belief that the atm^sphere, like the rivers and oceans. of 
the earth, was fluid and ever-moving. And this realization 
led to the knowledge that the islands of weather, as well 
às the spices of India and the gold of Peru, were navigated 
across the seas by the shifting winds. Relentlessly scientists 
Pursued the myteries of temperature and energy. And as 
the knowledge of the physical laws grew, it was applied 
to these mysteries until the complex relationships of the 
Weather elements were fairly well understood. | 

Despite this increase in understanding, practically no 
advance was made in the science of weather forecasting 
for two hundred years after the invention of the barometer. 
It was one thing to know that snow in Paris today would 
Mean a blizzard in Berlin tomorrow, and quite another 
to use this knowledge effectively when the fastest means 
Of communication was less speedy than the storm itself! 

Then in 1844 Samuel Morse sent the world’s first tele- 
8taphic message from Baltimore to Washington. The in- 
Surmountable difficulty had been overcome; for the first 
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time it was possible to spread the news about the weather 
in time to make accurate forecasts. By 1850 detailed 
records of weather observations, taken with instruments, 
were being compiled and transmitted in many nations of 
the world. Through the study of such records, weather- 
men soon established their science, and the forecasting 
of weather moved from the realm of the amateur to that of 
the professional. 

Almost from the start, weather science was separated 
into two major fields, which were given rather high-sound- 
ing names: climatology and meteorology. The difference 
between these fields is similar to that between the steam 
shovel and the garden spade. The climatologist is inter- 
ested in the world-wide weather picture and the long-term 
weather trends. The meteorologist speaks only for his local 
area, and his forecasts extend no further than coming 
week-end weather. 

All weather phenomena are statistics’ for the climatol- 
ogist. He is like the life-insurance actuary, compiling 
records of monthly, seasonal and yearly variations of tem- 
perature, pressure, rainfall, cloudiness, wind velocity and 
everything else that he can measure. He is mainly con- 
cerned with average conditions. A hurricane is just an- 
other freakish figure on a chart to him. Only if it were 
to last a year and upset the long-term balance would he 
become deeply concerned. 

Despite his forbidding title, the demands for the services 
of a climatologist are enormous. Municipalities consult 
him to determine the amount of snow-removing equipment 
they will need. Construction firms query him about the 
most favorable months for building. The location of the 
U. S. Air Force Academy in Colorado Springs, Colorado; 
is directly attributable to a climatologist. Climatology teams 
will explore the weather of distant planets before our first 
spaceships descend upon their surfaces. 

The climatologist, in studying his records, is always alert 
to the frequency with which any given weather condition 
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occurs. This is because he wants to be able to say, after 
looking at fifty years of records, that although in New 
York, July Fourth is sometimes cold and rainy, it is usually 
a warm day in the high eighties with scattered clouds and 
light winds. Reasoning further, he can then say the chances 
are this kind of weather will prevail on July Fourth. From 
such data the weather almanacs are made. And although 
almanacs are not infallible, neither is the local forecaster. 
The percentage of days when the weather is predicted cor- 
rectly a year in advance will always outnumber those when 
the weather wheel spins off form. 

Sometimes the climatologist directs his attention from 
the sky and becomes absorbed in the earth itself. Climat- 
ology explains many absorbing facts about our landscape; 
thus, it enables the archeologist to estimate the climate of 
the earth in prehistoric ages, for there is a close kinship 
between climate and earth topography. Our country, for 
example, is ridged by two mountain chains which separate 
the Great Plains of the central states from the coastal те- 
Bions on either side. Ву the time the wet ocean winds pass 
Over the mountains, their moisture is pretty much squeezed 
from them; therefore, rainfall is heaviest in the coastal 
States. Land erosion by water is a gentle process and the 
Coastal countryside is characterized by rolling contours, 
Sloping, rounded hills and many small streams. Because 
Of the abundant rainfall, vegetation is rich and the forests 
Stow dense. These in turn attract a thriving animal popu- 
which further enriches the earth. 

ithin the Great Plains water is more 
landscape shows characteristic changes. The towerng 
Coastal forests give way to seas of prairie grass. hop. 
ture of animal life is quite different and few streams are 
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erosion. The landscape is sharply jagged and weird shapes 
are cut from the stone by the gusts. Most of the candy- 
striped needles of rocks found in Death Valley are created 
by the sculpturing winds. 

Many believe that the climatologist will ultimately re- 
fine his records and techniques to the point where he can 
predict the weather accurately for days, weeks and per- 
haps months in adyance. These convictions are not merely 
based on a cherished hope. Astonishing, if little-known, 
miracles are being accomplished these days through the ap- 
plication of statistical laws. Quantum physics, which is used 
to unlock the continuously varying but nevertheless pre- 
dictable secrets of the atom, leans heavily on statistics. 
Modern electronics has begun to apply statistical methods 
in the search for better communications and radar. Large- 
scale military operations are predicted with uncanny ac- 
curacy by statisticians far behind the battle lines. The vast 
storehouse of statistics which are collected daily about 
our weather may well result in ultimate victory for the 
climatologist in the fantastically complicated game of long- 
range prediction. But until that day arrives, we must put 
our faith in the hands of the forecaster who does his best 
to tell us whether it will rain tomorrow and who will not 
even hazard a guess about next week. 

Weather forecasting, like other physical sciences, i$ 
based on two factors. One of these is instrumentation, such 
as the precious thermometer and barometer invented by 
the renegade Italians of the seventeenth century, as well 
as the modern electronic devices like high-voltage radar. 
The second factor is visual observation. All sciences em- 
ploy this technique. The weatherman, struggling to solve 
the complexities of an atmosphere in motion, has de- 
veloped the art of observation to an incredible degree. 

Unfortunately, even during the best days, the weather- 
man is able to see a maximum of only twenty miles in any 
direction. Under the sodden clouds of bad weather, hi$ 
visibility may be further restricted to almost zero. Buried 
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in the dense, sometimes opaque layers of the lower at- 
mosphere, he often cannot determine the weather ten miles 
away, much less the extent of storms brewing several hun- 
dred miles to the west. Yet these same storms may be 
over him almost before his next forecast reaches the news- 
Paper stands. 

It would seem a major advantage for the weatherman if 
he could only look down on the earth from above—say, 
from an altitude of five hundred miles. Peering from such 
an observation post, he could watch the mighty hurricanes 
build and follow their courses across the oceans. The great 
frontal battlegrounds of the sky would stretch above the 
globe before his eyes, their lines accurately drawn, their 
intensity easy to predict. Huge sections of the earth would 
be blotted from his view by the bright, thin air-mass 
clouds. He would see the glowing miracle of snow follow 
the winter cold fronts across the land, and the green 
Mantle of vegetation form quickly after the spring rains. 
Once and for all, he could solve the soundless mystery of 
the aurora borealis. " 

But even the weatherman operating far out in space 
Would not be a perfect forecaster. Careful observans 
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of them working together. Over 15,000 members of the 
Air Force and the Navy give full time to the prediction of 
weather. The United States Weather Bureau swells the 
roster with 4,000 additional weathermen in its regular em- 
ploy and 3,000 who give seasonal help. Industrial meteor- 
ologists, research men, and college professors augment the 
ranks until almost 25,000 experts regularly probe our at- 
mosphere for its secrets. 

These weathermen conduct the world-wide weather hunt 
on the North American continent and in the surrounding 
oceans. The hurricane-whipped waters of the Caribbean 
reflect the shadows of probing weather aircraft, and the 
mists of the foggy Aleutians are pierced by their boats. 
Thousands of weather stations dot our continent and its 
waters. All of these are linked by a gigantic communica- 
tions network so that the start of a snowstorm in Nome, 


Alaska, is known in Panama City almost the minute it be- 


gins. At this very instant and during every hour of the 
year, weather observations are being taken by the tireless 
weather crew. The temperature, pressure, humidity, and 
winds are noted, coded, transmitted and analyzed until the 
mighty atmosphere yields its secrets far more completely 
than it would to any space observer. 

This spiderweb of weather stations constitutes the mod- 
ern weather machine and is the basis for weather predic- 
tion. It has existed only since 1914. 

In that year Norway, a neutral in World War I, was cut 
off from the weather reports of other countries and, more 
importantly, from the oceans which were being patrolled 
by warring fleets. To overcome this handicap, a dense 
system of weather stations was established, each one only 
a few miles from its neighbor. The Norwegian experiment 
was based on the research of a Norwegian physicist named 
Vilhelm Bjerknes, The results of the system became avail- 
able to the world after the war ended. Bjerknes’ pioneering, 
coupled with the subsequent findings of Tor Bergeron, 
Swedish meteorologist, and those of Jacob Bjerknes, SOF 
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of Vilhelm, led to modern weather service. This system, 
Which is now world-wide, relies upon the accurate informa- 
tion received from thousands of weather stations all over 
the world. Every six hours the current weather data is 
plotted on the weather map by means of the meteorologist's 
shorthand, called the station model. The station model is 
merely an international code used by weathermen to indi- 
cate the local weather which they continually observe. 

The weatherman plots the station models upon his map 
at the points where the data for them was gathered. Next 
he draws a series of solid black lines which curve in odd 
swirls and circles across his charts. These are the isobars, 
or lines of equal barometric pressure. He finds the informa- 
tion for drawing them in the upper right-hand corner of 
the station model. The ancient barometer of Torricelli is 
Still used as the basis for these readings. 

Once the weatherman has drawn in his isobars, he lo- 
Cates the regions of highest pressure and labels these HIGH. 
The regions of lowest pressure he calls Low. Once he has 
shaded the areas of rain and snow and sketched in the 
fronts, he has the weather map you will see in your news- 
Paper in a few hours. This is called a synoptic weather map 
and although it has none of the reality and wondrous color 
Which would be seen by the space weatherman, it is more 
accurate and informative than anything he could draw. 

The synoptic weather map is deceptively simple. Much 
More can be deduced from it than the mere location of 
fronts, fog and rain. The isobars effectively form pipes 
through which the winds of the earth flow. If these lie 
Close together the winds are generally strong. The effect is 
Similar to that of the nozzle at the end of a fireman's hose. 

The direction of the winds can be predicted also. In our 

emisphere, the winds blow clockwise around a high and 
OW outward from the center. The reverse is true for low- 
Pressure areas. 
ile, working on his map, the weatherman learns a 
Seat deal about the winds and storms over our country. He 
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knows that we lie within the great band of prevailing west- 
erly winds. Therefore, the pressure systems and air masses 


on his map will travel from west to east. Experience has. 


taught him that this great easterly movement covers about 
five hundred miles a day in the summer and seven hundred 
miles per day in the winter. Thus, if he lives in New York, 
he can look at the weather in Toledo, Ohio, and tell rough- 
ly what his weather will be like tomorrow. 

However, accurate weather prediction is never quite 
that easy. 

The westerly flow high in the stratosphere may be pre- 
dicted accurately enough to be used advantageously by 
high-flying aircraft, but unfortunately the flow at the earth’s 
surface is complicated. Mountain ranges jut into the winds 
and displace their currents. Vertical drafts rise from the 
unevenly heated land and blend with the lower air. New 
fronts suddenly grow; inexplicably, old ones will lie dor- 
mant for days. 

The net result is that the weatherman must exploit his 
training, his experience and his powers of observation to 
the limit. But so skilled have our observers become that 
despite the changing patterns in the sky, their predictions 
are about eighty-five per cent correct. 

The Weather Bureau has recently located two automatic 
weather stations on uninhabited islands in the Bahamas 
east of Florida. These robots are equipped with elaborate 
telemetric devices which transmit barometric pressure, 
wind direction, and wind velocity by radio. Weather Bur- 


eau offices at Miami and Key West pick up the signals’ 


which are transmitted to a wax-paper tape. Each station 
has a time-clock arrangement which puts the station OP 
the air at fifteen-minute intervals every three hours. — 
Our weather-forecasting machine and its mechanisms 
are barely one hundred years old. Many original copies 
of the weather tools described in this chapter have not yet 
worn out. The modern concept of weather theory is no 
older than a middle-aged man. Yet in this brief period oUF 
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scientists have successfully challenged the mysteries of the _ 
weather laws and have found the keys to secrets which 
had remained untouched through the millenniums. Today's 
progress is concerned chiefly with understanding and pre- 
dicting the motion of the atmosphere. But throughout the 
Story of science, understanding has been but the first step 
toward creation of a new technique, a new system. Ein- 
Stein’s insight was the prelude to the atomic reactor. New- 
ton’s conjecturing led to the building of our modern bridges 
and dams. It appears inevitable that some day man will 
temake the weather according to his own desires. As we 
will see later, the efforts already made in that direction 
indicate this day is but a thin moment away as time is 
measured by the historians. 
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CAPTAIN HOWARD T. ORVILLE WAS FORMERLY THE TOP 
Navy weatherman and chairman of President Eisenhow- 
er’s Rain-Making Study Committee. Speaking before the 
American Institute of Electrical Engineers at the Univer- 
sity of Michigan, he said that the tremendous property 
losses, the many highway deaths, and the suffering caused 
to millions of persons during winter months by ice and 
sleet storms could be greatly reduced through electronic 
weather prediction. He also stated that radar storm-de- 
tection units, co-ordinated with other key equipment 
placed at about thirty-five points around the nation, could 
predict to the minute the arrival of a storm, its intensity 
and its duration. 

He further stated: “Electronic forecasting, combined 
with data already available through existing Weather Bur- 
eau facilities, could predict, for example, that it will snow 
in Ann Arbor from 2:00 P.M. tomorrow until 3:45 P.M., 
and how much.” 

According to Captain Orville, the use of radar tracking 
in hurricanes has cut deaths from these storms by ninety- 
eight per cent. He believed it would take ten years to set 
up a nationwide electronic weather-warning system, but 
the resulting saving of billions of dollars in storm damage 
and thousands of lives would be well worth the time and 
the cost. 

The thirty-five electronic weather stations which he con- 
templated contain the following instruments: (1) a storm- 
detection radar displaying a picture of all the rain, snoW> 
sleet or hail over an area of several thousand miles around 
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the station; (2) a radar set which provides the cloud-base 
and cloud-top height information continuously for all cloud 
layers passing over the station; (3) recording equipment 
such as radiosonde balloons which automatically transmit 
data on temperature, pressure, humidity and other facts 
from altitudes up to one hundred thousand feet; (4) radar 
and television units capable of relaying weather conditions 
from one station to another; (5) electronic computers 
which combine the data from each station with all known 
weather information gathered throughout the Northern 
Hemisphere. 

Under some conditions, Captain Orville added, radar- 
equipped aircraft would be used to supplement the ground 
units. Each station would be manned by two radar tech- 
nicians and ten or twelve weather observers. А 

Fantastic as these schemes may appear, Captain Orville 
knew that there are sound principles behind them and that 
many strides have been taken toward perfecting the equip- 
Ment necessary to do this job. 

The magical, electronic eye of radar has already dem- 
Onstrated its ability to seek out storms and clouds, just 
as it was able to detect the snorkel of enemy submarines 
in World War П. Actually, radar does not see the storm 
but receives its echo from the air-borne masses of rain, 
Snow, sleet or hail. Billions of these air-borne particles re- 
flect the pulsing energy to rebound and be recorded upon 
the florescing radarscope. Radarmen have learned how to 
interpret these telltale images with the result that trained 
Observers can now predict the precise location and extent 
9f Weather storms from them. 5 А 

The major airlines were the first to be interested in the 
freakish ability of radar to locate storms. Their chief con- 
cern was that of safety. The extreme turbulence found in 
Some thunderclouds has long troubled aviators. Almost 
апу airport can produce an airman who will testify from 
Personal experience that flying through thunderstorms al- 
Most cost him his life. Such men describe violent updrafts 
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which sent their planes hurtling upward at express speeds 
and turbulence severe enough to flip multi-engined aircraft 
upside down. 

These reports with their emphasis on safety provided 
the basis for the airlines’ desire to devise some method of 
avoiding such storms. Aside from the commercial value of 
the aircraft and its equipment, there was the commercial 
value of its passengers. An airline whose routes continually 
passed through thunderstorm areas became accustomed 
to dealing with sick and hostile passengers. The problem 
was by no means a small one. Although the thunderstorm 
is a rare phenomenon to ground-dwellers in many of our 
states, it is encountered frequently on long aircraft flights. 
For example, the summer of 1961 was not remarkable for 
its thunderstorm activity, yet for sixty-nine consecutive 
days there was a turbulent thunderhead somewhere along 
the airline route between Denver, Colorado, and Omaha, 
Nebraska. 

Prior to the use of radar, only one alternative was open 
to the airline pilots. If a thunderstorm was reported along 
their route, a detour was necessary with a resulting loss in 
time, gasoline, and profit. In 1946 American Airlines con- 
ducted a series of tests with World War II equipment to 
determine the effectiveness of radar as a storm-warning 
aid. The results were startlingly successful. 

American Airlines engineers quickly determined that 
radar echoes were received mainly from rain and hail. 
Tests showed that light rain produced a weaker picture 
on their scopes than heavy rain; they were even more suc- 
cessful in indicating hail. 

World War II equipment was not the final answer, how- 
ever. Although the pilot was able to locate the storm front 
and estimate the type of precipitation, he could not deter- 
mine the depth of the storm. This was extremely desirable, 
since the pilot who could probe the extent of a storm was 
able to pick the most direct route through it. Thus, if he 
found it possible to pass quickly through a mild sector, it 
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Was more advantageous than flying a costly detour of per- 
haps many hundreds of miles. 

The airline company therefore assigned a team of elec- 
tronic engineers to work on the problem. These men solved 
it by developing a new radar. The new radar underwent 
extensive tests during 1954 and achieved spectacular re- 
sults. Its pulses penetrate the storm front and define the 
area beyond. The thundercloud emerges on the scope 
as a dappled pattern of strong and weak echoes. By choos- 
ing a path through the mild area, the pilot can now avoid 
the dangerous turbulence. Repeated flights have shown 
that the pilots do not need to fly more than twenty-five 
miles out of their way. Instead, they can thread their path 
through corridors in the storm which are often less than 
five miles wide, and except for mild bumpiness, they ar- 
Tive unscathed on the other side. 

The lessons learned by the airlines were not lost upon 
the weathermen. They readily employed the new apparatus 
in establishing the renowned Joint Hurricane ИН 
Service, Today the flight crews of both the Air Force ani 
the Navy who penetrate the hurricanes of the Atlantig 
and the typhoons of the Pacific depend largely on Pe 
for the successful completion of their missions. On their 
Way in and out of these mighty storms, they are guided 
by radar around the ominous areas of high turbulence. 
Once within the eye, radar enables them to кн out 
the necessary information concerning its size andi Ж 
At night the hurricane is tracked сеш шо һу та 
aircraft which йу in an orbit near the edge. S в 
. he use of radar by the Joint Hurricane Waie rr 
1S but one military application. Accurate 5 0; ү i 
Weather prediction is vital to our ground forces 1n W E 
History is filled wth tales of lost battles caused by and 
Pected weather changes which turned roads into quagmi 
and fields into swamps. ignal Corps d 
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chusetts Institute of Technology since World War II. A 
few of the first radar sets designed for weather study by 
this project are now being put into operation. These units 
are expensive, over $200,000 each, but they are well worth 
the cost. Cloud forms can be distinguished upon their 
scopes, and even minor amounts of rainfall can be located 
and forecast with precision. 

As each day passes, more uses are found for radar as 
a tool for the weathermen. Industrial firms near the hurri- 
cane coasts have found it profitable to build their own 
weather stations. The Dow Chemical Company in Free- 
port, Texas, has two plants located on the flat lowlands 
near the Gulf of Mexico. Before the use of radar these 
plants had to stop operation whenever there was a hurri- 
cane in the Gulf. Although most of these storms never 
came near Freeport, no means existed of predicting their 
path. In eight years, suspended operation cost the com- 
pany over $2,000,000. In 1948 Dow installed a search 
radar. Not only has this unit ended unnecessary work stop- 
pages but it has located and tracked several hurricanes, 
which previously were undetected and which did pass 
through Freeport. Today Dow is one of many industrial 
agencies co-operating with the Weather Bureau in hurri- 
cane reconnaissance. 

After the usefulness of radar was demonstrated in locat- 
ing hurricanes, many weathermen speculated that it could 
also be used to give the alarm at the approach of the 
death-dealing, violent tornado. During the spring of 1953 
the cities of San Angelo and Waco were struck by vicious 
twisters, and the state of Texas sought a means of warn- 
ing against further catastrophes. A meeting of federal and 
state representatives was convened. Rugged Texas indi- 
vidualism was again demonstrated. Before the session 
ended, a new adventure in community enterprise and self- 
help was launched. 

The Weather Bureau offered to make some of its war- 
surplus radars available to Texas communities if the local 
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governments would provide money to convert them to 
weather radars. Texas A & M College agreed to under- 
take the conversion, and a fund-raising campaign got off 
to a fast start. By the spring of 1954 twelve out of fifteen 
Texas cities signed contracts for financing the radar in- 
stallations, and two sets were in action. The spring of 
1955 found the tornadoes of the Texas plains added to 
the growing list of storms under full radar surveillance. 
Captain Orville's dream has already begun to assume a 
semblance of reality. 

The great advance in technical knowledge which grew 
out of World War II and which resulted in radar, super- 
sonic aircraft, and guided missiles produced another unique 
device: the digital computer or automatic brain. A digital 
computer is a fantastically complex electronic machine 
based on the principles of the adding machine found in 
most business offices. Its resemblance to this machine is as 
remote as the H-bomb’s likeness to the bow and arrow. Tt 
can perform more calculations in five minutes than an 
expert working with an adding machine could do in sixty 
years. Until very recently, the chief application of this in- 
credible device was the solution of the more complex 
Problems of higher mathematics. This situation changed 
when WBAN, usually called “wayban,” was established. 

WBAN stands for the initials of the Weather Bureau, 
Air, Navy. It is a composite organization located in Wash- 
ington, D.C., established for the purpose of pooling, ana- 
lyzing and distributing weather information to its members. 
The Navy requires this information for its ships at sea, 
the Air Force for its planes, and the Weather Bureau for 
Ж civilian public. 

he co-operation of these 
in Pooling die information was furthered in 1947 when 

Ongress joined them officially. From that time on not only 
Was weather information shared but the research effort 
9f all three groups was integrated. И 

Early in their union, the weather partners planned an 
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committed themselves to a bold step in mastering the un- 
known. They proposed to build a machine which would 
be capable of forecasting the weather with greater ac- 
curacy than any human forecaster! 

A vivid example of the electronic brain's potentiality as 
a means of predicting future events was demonstrated dur- 
ing the 1952 presidential election. Television viewers will 
recall that one of these electronic wizards was set up to 
predict the final vote on the basis of early returns. On 
election night the early results were given to the machine. 
The thousands of relays clicked, the tapes hummed and 
the electronic tubes glowed. Finally, on the electric type- 
writer, which is the wizard's mouth, the prediction was 
tapped out: Eisenhower by a landslide. 

The assembled scientists were aghast. The election was 
supposed to be close. Even the most devout Republican 
could not believe that the margin would be as large as the 
results indicated. They were quite sure there was a short 
circuit in the giant brain or that the information had been 
fed to the machine improperly. In any case, they an- 
nounced that the machine was out of kilter. The difference 
between the final vote tabulation and the machine's pre- 
diction was amazingly small. In the elections since then, 
the computer has achieved a considerable reputation for 
reliability and accuracy. 

The method used to predict elections is quite simple, 
but requires the machine to perform a feat of memory far 
beyond the capability of a thousand men. The results of 
many past elections are fed into the mechanism. These are 
stored in the thousands of tubes and cells within the elec- 
tronic brain, making it a more experienced forecaster than 
any politician. During election night these past results are 
compared with the current trend to arrive at a sound pre- 
diction. 

To imagine the use of this machine for predicting the 
weather, all we must do is substitute weather information 
for electoral votes. In place of the key county results, the 
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data from weather stations would be fed into the machine. 
The idea was not fantastic in the sense of science-fiction, 
but was very difficult to put into operation. 

The Joint Chiefs of Staff supported the project, military 
research funds were made available and the Institute for 
Advanced Study at Princeton, New Jersey, was instructed 
to do the job. Six intensive years of experimentation and 
over a million dollars were required, and by 1952 the first 
model of a weather-predicting mechanical brain was in 
experimental operation. 

The Princeton group began its operation very slowly. 
Theirs was a new world of science to explore, and every 
move was cautiously planned. Many observers doubted 
that man could ever uncover the intricate laws of the gi- 
gantic, mobile atmosphere. Dr. Jule G. Charney and his 
associates embarked upon the project confidently. The 
first milestone was reached when the scientists devised 
theoretical methods of predicting the motion of the at- 
mosphere at one altitude along a single circle of latitude. 

From this they progressed to the infinitely more com- 
Plicated problem of predicting the atmospheric currents 
over a large part of the United States. Next they expanded 
the study to include air movements over three altitudes. 
Today they can handle the gyrations of the atmospheric 
streams within five levels over the United States. In 1952 
their electronic brain, designed by Professors John Von 
Neumann and Julian Bigelow, was ready. р 

This machine based its prediction оп the data fed into 
it from 768 weather stations which gathered the local 
Weather data at exactly the same time. On the basis of the 
information received, the electronic brain went into action. 
It performed seven hundred and fifty thousand multiplica- 
tions, ten million additions and subtractions, and executed 
thirty million distinct orders given by its robot controls. 
In forty-eight minutes the forecast was ready. The same 
forecast, made by hand, would have taken hundreds of 
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years, somewhat late for the morning edition of the local 
newspapers. 

Each year improvements have been made in the 1952 
machine. Today it can handle close to two thousand separ- 
ate weather stations. The data to be fed into it is gathered 
from all over the United States. One more step toward 
Captain Orville's dream has been achieved. 

The atmosphere does not yield its secrets easily, and 
the present forecasting machine is not perfect by any 
means. But the results obtained from the electronic brain 
have been most encouraging. Captain John McKillip, 
US.N., head of the Navy Aerology Branch, recently 
stated: “Results of machine forecasts are significantly bet- 
ter than the best human predictions now ayailable.” 

In order to determine the capabilities of their weather- 
predicting machine, Professor Charney and his associates 
have tried their hand at predicting the freakish and unex- 
pected storms of past years. Although such forecasts are 
akin to the hindsights of the Monday-morning quarter- 
back, they afford the Princeton team a method of checking 
the accuracy of their computations. The scientists scru- 
pulously included only the official Weather Bureau data 
which would have been available to them before the storm. 
They tested their technique by predicting three eastern- 
seaboard snowstorms which completely surprised the 
weather experts at the time of their actual occurrence. 

These included the snowstorm on Thanksgiving, 1950, 
the storm of November, 1952, and the violent blizzard of 
November, 1953. None of these was even faintly antici- 
pated by local weathermen until it appeared overhead. 

The first two storms were predicted with astonishing 
accuracy by the electronic machine, much to the gratifica- 
tion of the observers. The third forecast, however, failed. 
A second run with the same data produced an identical 
result: the machine could find no storm. Instead of taking 
an axe to the machine, the scientists began a painstaking 
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check of all their data. During this process it was found 
that the information collected on November 5 by a weather 
ship stationed between Norfolk and Bermuda had not been 
utilized by the Weather Bureau. This additional weather 
information was fed into the machine, which came up with 
a concise, accurate prediction of the storm. 

This episode clearly illustrates the enormity of the 
problem faced by scientists working on the machine-fore- 
casting project. This machine, like all others, is no more 
reliable than the facts which are fed into it. The difficulty 
of sampling accurately the world’s atmosphere is huge, but 
the scientists will never admit that it is impossible. 

Jule Charney and his technical team do not believe they 
can ever eliminate the local forecaster. But they do feel 
that their electronic computer will give accurate area fore- 
casts. This will allow the local weatherman to spend more 
time pin-pointing his particular section, basing his local 
forecasts on the electronic-brain predictions and the subtle 
Tegional influences which only he knows. | 

The progress made so far is incredible when we realize 
that radar and electronic-computing devices are only about 
fifteen years old. Already they have influenced drastically 
Our techniques of weather forecasting. There is no means 
by which we can predict man’s ultimate ability to search 
Out the hidden secrets of the air around us, but we can 
find the shaping of future events in Captain Orville 5 pro- 
Phetic words, The accuracy of weather prediction will be 
Vastly increased; the exact time of rainfall will be fore- 
Casted as precisely as we now can foretell the rise and fall 
9f the tides, Slowly we are postulating the laws of atmos- 
Pheric motion, From our knowledge of these we will build 
Our machine and extend our forecasts in time to a month 
and then perhaps a year ahead. We will learn to track the 
tornado before it is hurled down upon us; we will know 
*Xactly when and where the cyclone will strike. Then, 
atmed with this knowledge, we will set forth to conquer 
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STANDING ON THE SURFACE OF OUR EARTH, WEATHERMEN 
are able to observe no more than a microscopic segment 
of the total atmosphere. Also, the modest portion which 
they can see is distorted and warped by the very weather 
phenomena they seek to forecast. For these reasons it is 
extremely difficult to understand the global pattern of the 
great weather systems which sweep over us, and we are 
constantly surprised. Weather predictions only a few hours 
old often go suddenly awry. 

How much better for the weatherman if he could only 
move outside the atmosphere and make his predictions 
from some far-off vantage point such as the moon, aided, 
of course, by a few pedestrian numbers such as the surface 
temperature, pressure and humidity! 

Weathermen have long been among those who yearned 
for space travel with all the fervor of starry-eyed vision- 
aries. When the space enthusiasts realized their ancient 
dream of orbiting man-created moons, weathermen were 
quick to applaud their achievements and beat the drum for 
a weather observation platform in space. 

With the launching of Tiros I on April 1, 1960, they 
were provided with a satellite’s-eye view of the atmos- 
phere, and the United States had taken the first giant step 
toward construction of a useful space weather station. It 
is perhaps significant that the launching vehicle for this 
peaceful space object was the warlike Thor medium range 
ballistic missile. 
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Tiros I was, at best, a crude observation post. To re- 
main stable in its orbit 450 miles above the earth, the 
satellite maintained a spin rate of nine revolutions per 
minute with the result that its two cameras were pointed 
away from the earth during a majority of the time. The 
resolving power of the instruments was poor and the elec- 
trical power was limited by the capacity of the 9,200 solar 
cells which covered the outer surface of the satellite and 
converted the sun's energy into electricity for the nickel- 
cadmium batteries. Tiros I was shaped like a giant pillbox, 
42 inches in diameter and 19 inches high. It weighed 270 
pounds or about as much as the first Soviet satellite, Sput- 
nik I, launched almost three years before. 

The cameras were actually television transmitters and 
their pictures were recorded on tape. When the satellite 
Passed over either of two ground stations at Fort Mon- 
mouth, New Jersey, or Kaena Point, Hawaii, the taped 
signals were transmitted to the waiting weathermen in 
much the same way that canned television programs are 
rebroadcast. The weather over the ground stations, how- 
ever, was transmitted “live.” ; 

One of the Tiros I television cameras was designed to 
take wide-angle pictures, covering an area of 800 square 
miles, The other camera surveyed an area 70 miles on a 
Side but provided much more detail. Within 60 hours after 
Tiros I was launched, actual pictures of the global weather 
Patterns only six hours old were being interpreted gaa 
analyzed by weathermen at the National Meteorologic 
Center at Suitland, Maryland. For the first time, scientists 
Could compare their guesses of cloud patterns with actual 
Pictures of the real thing. 

During the more than two mon 
Tiros I generated 23,000 weather t ; 
impossible to place a tag on the value of the information 
obtained from this first weather-eye, small and unsophis- 
ticated though it was. Tiros I demonstrated the feasibility 
of a weather satellite. It made important scientific meas- 
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urements of the atmosphere which could be used in day-to- 
day analysis and forecasting operations. In addition, all 
countries of the world have access to the Tiros data and 
it has become an international co-operative meteorological 
program. 

Tiros I and its younger brothers have already produced 
over 200,000 weather pictures, convincing proof of suc- 
cessful weather satellite operation. Perhaps no other pro- 
gram in our far-flung space effort has resulted in such 
immediate and continued success. 

Elsewhere in this book is a mosaic of photographs 
viewed by Tiros I. Below, the clouds have been drawn in 
their proper geographic location. The close relationship 
between the cloud positions and the weather fronts is truly 
remarkable. 

The first six Tiros satellites have been orbited with in- 
clinations of less than 50°. In other words, they travel over 
the surface of the earth between the latitudes of 50° North 
and 50° South. These limits approximately correspond to 
the coverage of Tiros weather observations. The next satel- 
lite, Tiros VII, will be launched into a higher inclination 
orbit of 58° with a resulting increase in coverage. The 
scientists of England and the Scandinavian countries are 
particularly pleased with this change since it will afford 
them the opportunity of. observing the weather over these 
countries. In addition, the expanded coverage will allow 
weathermen to observe the ebb and flow of the sea ice at 
edges of the polar icecaps. 

America’s sixth Tiros satellite was rocketed into orbit 
on September 18, 1962. Tiros VI was originally scheduled 
for launching later in 1962 in an orbit of greater inclina- 
tion. However, one of the television cameras in Tiros 
failed and satellite weather information was vitally needed 
prior to Walter Schirra’s orbital attempt, particularly since 
this was the first U, S. flight designed for recovery in the 
Pacific. The Tiros satellites have provided weather fore- 
casting support for all the Mercury space flights sinc? 
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astronaut Alan Shephard’s sub-orbital leap of May 5, 1961. 

Tiros VI was also needed for an additional function 
which has rapidly become one of the most important Tiros 
jobs: hurricane hunting. Satellites have proved their worth 
in searching out and providing early warnings of these 
destructive storms. Tiros VI was the last satellite launched 
which would survey the hurricane belt around the earth’s 
middle during the 1962 season. 

Total world coverage by weather satellites will begin 
when the first Nimbus satellites are launched sometime in 
1963, Instead of following an inclined path near the equa- 
tor, Nimbus will be placed in a polar orbit so that it 
passes over both poles during every revolution. Nimbus 
will circle the earth at an altitude of 600 miles and its 
three television cameras will cover a rectangular area about 
500 by 1500 miles. These dimensions were selected so that 
the area covered by successive orbits would join, thus pro- _ 
viding continuous coverage of the earth’s surface. The 4 
Nimbus polar orbit will provide complete world coverage | 

| 


as the earth rotates beneath the sate 
Nimbus satellites will be launched у 

Since Nimbus passes over the 
ideal Nimbus readout station 
either the North or South Pol 
Polar data acquisition station has\nfeny CSI’ 
first Nimbus Pro has been installed ‘at Fairbanks, Alas | 


ka, and it is capable of reading out аЙ except four of the’, 
fourteen daily Nimbus orbits. A stationy 5 pinned p 
Northeastern America to read out the remaing four; Ohce 
these stations are in operation the Nimbus satellites will 
Cover every point on the surface of the earth once every 
twelve hours, once in the daytime and once at night. 
Unfortunately, this frequency of observation is still not 
adequate for some of the weatherman's problems. Many 
violent thunderstorms run their turbulent courses "n less 
than five hours. Tornadoes have extremely short lives, on 
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With one Nimbus satellite in orbit, hurricanes and all 

large cyclonic storms will be observed easily. Two Nimbus 
satellites will improve matters somewhat since they would 
cover the earth’s surface every six hours. Still, many storms 
would escape undetected. Best of all, the weatherman 
would like a satellite which could paint a continuous pic- 
ture of the world weather patterns in the same way that 
television continuously shows the action of a football game. 
In addition, he would like to have the option of switching 
to enlargements of those areas which are most interesting 
at the moment. 
` Does this sound like a large order? Well, perhaps, but 
the techniques for providing most of what the weatherman 
wants are available, and already such a satellite is on the 
drawing boards. It is called Project Aeros. 

Aeros is being designed for launch into a synchronous 
equatorial orbit. A. satellite in such an orbit appears to re- 
main stationary over a planned area on the earth's equa- 
tor. This arises from the fact that a satellite in a circular 
orbit 22,300 miles distant from the earth must complete 
an orbit every 24 hours. Since the earth completes 4 
revolution about its axis in the same period of time, such 
a satellite appears to be stationary in the sky. The Aeros 
is still in the preliminary design phase and probably will 
not be launched until 1966 or later. 

From its 22,300 mile perch above the earth, each Aeros 
satellite will provide continuous surveillance of about one- 
quarter to one-third of the earth's surface. Aeros will have 
at least two television cameras. The wide-angle version 
will provide a viewing angle much like that of a conven- 
tional home movie projector. The other camera will show 
a great deal of detail but will have a narrow field of меч. 
This high resolution camera will be directable on com- 
mand so that a selected area can be observed at any time- 
Based on the big-picture data obtained by the wide-angle 
system, the narrow-field instrument will search the surface 
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with a magnifying glass to seek out the areas of greatest 
interest to weathermen. 

The problem of acquiring data from a satellite is a new 
one and the Tiros Data Acquisition Centers are quite dif- 
ferent from conventional weather stations. A large antenna, 
60 feet in diameter, is used to receive the signals from the 
weather-eye. 

Since the satellite is designed to take pictures on com- 
mand from the ground, the U. S. Weather Bureau advises 
the Acquisition Center of the areas where photographs of 
the clouds are desired. The Acquisition Center then makes 
Up a program and sends it to the satellite. This program 
may require the Tiros to take pictures immediately or at 
Some predetermined time in the future, The Center also 
controls data readout. 

About seven orbits of data can be obtained: by the 
ground stations each day which means about 450 pictures. 
As the photos are received they are displayed directly on 
an instrument called the photokinescope which is nothing 
more or less than an ordinary television Screen. The pic- 


tures are then photographed on 45 millimeter film. Within 


half an hour after the Tiros has surveyed a portion of the 


earth from its distant station. 450 miles above us, the 
film can be processed and in the hands of a Center caet 
Ologist, Pictures from remote areas, such as ae wi 
take somewhat longer with the present equipment. _ 
There us ise iine problems with each of the Tiros 
Satellites, but on the whole performance has been excel- 
lent. Of the 23,000 Tiros I pictures about two-thirds were 
interesting to weathermen. There were only two ey 
failures in the system. Between orbits 22 and 572 the 
Darrow-angle camera did not work. Inexplicably it зеш 
functioning again during orbit 573. Fortunately, the wide- 
angle camera was far more useful in furnishing weather 
data. After 78 days of operation, the satellite died because 
а relay failed, causing the batteries to discharge, thus drain- 


by, 
138 / The Story of Weather 
ing the Tiros of all its electrical power. However, the 
beacon on Tiros I still transmits when it is in sunlight and 
the tracking stations are still able to plot its course. It will 
be many centuries before the first weather satellite will be 
slowed sufficiently by friction so that it will sink into 4 
fiery, meteor-like grave in the upper atmosphere. f 
The Tiros satellites will be most helpful in predicting 
the weather for those areas which have the fewest surface 
weather stations. The Southern Hemisphere is eighty рег 
cent oceans and observational data is also scarce in the 
tropical regions. These areas where the least is know? 
about local and regional weather effects will receive а 
large share of the benefits from the weather satellites. 
Perhaps the best statement concerning the use of these 
new and glamorous tools was made by the late Dr. Harry 
Wexler, Director of Research for the Weather Bureau, at 
the opening of the 1961 International Meteorological Satel- 
lite Workshop: “For the first time meteorologists have an 
observing device which, like the atmosphere, is global if 
extent. Meteorologists traditionally have pieced together 
visual observations and those from instruments and radat 
to construct synoptic charts over large areas the size of à 
continent and, more recently, the size of a hemisphere. in 
so doing, meteorologists have had to interpolate and е 
trapolate over areas where observations are sparse or miss 
ing, particularly over oceans and other uninhabited areas: 
The earth-orbiting satellite, by its ability to photograP 
the cloud cover and measure the outgoing radiation ра 
terns, takes advantage of the natural weather maps whic 
Nature has already provided.” 
It would be most difficult to estimate the ultimate impact 
of the weather satellites on our daily lives. On some 204 
so-distant evening we are certain to turn on our televisio” 
sets and something far different from the usual west" 
man with his weather charts and pointer will flash tO р 
on the screen before us. It will be a faithful reproductio 
of the world and local weather as seen by the cold 
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distant eye of a Nimbus or Aeros weather satellite keeping 
eternal watch for us from outer space. Similar pictures will 
be available to all men everywhere, to the farmer worried 
about his crops deep in the Ural Mountains and to the 
ship captain on the far ocean. All of us will have become 
our own weathermen and, hopefully, we will all be drawn 
closer together by the international spirit of co-operation 
which is a keystone of the weather satellite program. 
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IN THE DEVELOPMENT OF THE MODERN WORLD, NO IN- 
fluence has had greater impact on the growth of our civil- 
ization than climate. The effect produced by the vagaries 
of local weather conditions has caused so many changes 
in the course of our history that many books would be 
required to-record them all. It is no wonder man often be- 
wails the fact that his life is buffeted by “the winds of | 
chance.” 

In ancient times men were aware of this even without 
being able to look back through history. They were as of- 
ten impatient with the weather as we are today, and they 
sought to change its unalterable course by using all the 
powers within their command. When Xerxes was waiting 
to cross the Hellespont in 480 B.C., he was thwarted by 
huge waves caused by a storm; according to legend, be 
ordered ten thousand slaves to lash the waves with whips 
to still the turbulent sea. When the waves finally subsided, 
he built a bridge consisting of boats across the Hellespont 
and took a million men into Greece to accomplish the сой" 
quest of that country. 

The caprices of weather have sometimes produced ama 
ing coincidences which influenced the destinies of men 
almost as if they were the result of some higher, well- 
ordered design. Napoleon, who was contemptuous of lesser 
generals and defeated them with ease, was frequently t Е 
victim of weather during his final years. He called this 
adversary “General Mud” and spoke of the elements 25 
though they were opposing forces to be reckoned with, 
the armies of his enemies. „а 

In May, 1812, Napoleon declared war upon the Rus 
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sians. He left Dresden with an army of 650,000 men and, 
as in all his campaigns, scored quick victories. 

But the losses were heavy during the march. Once upon 
Russian soil, the troops were enveloped by stifling heat. 
The recruits from the cool northern plains of Western 
Europe had never seen such’ a summer. They suffered heat 
prostration by the hundreds. The army moved sluggishly, 
mile after mile through the Russian country, unable to 
catch the elusive foe. On August 16, Napoleon arrived in 
Smolensk. A long, hot month later he entered Moscow 
victoriously, but the troops were tired, lethargic. There was 
none of the elation of former conquests. Instead, the men 
Were uneasy. у 

The Russians were different from their earlier enemies. 
As they retreated, they destroyed the farms and the cities 
they left behind, taking all the available food supplies with 
them. Also, and this was to become important later, cities 
Were burned to the ground. Neither houses nor shelter 
Were left standing. Napoleon entered Moscow on Septem- 
ber 15, 1812. Before the first flush of victory had faded 
from the troops, they were beset by troubles. Either by 
chance or design, a fire was started by the retreating n 
sians which burned for five days, destroying 50, much 0 
the city that the French troops were forced to live in the 
desolate surrounding countryside. i 

The Rea cue fled to St. Petersburg in despair. But 
he was counseled to wait and see what Napoleon would 
do before signing an armistice. Could. Napoleon т to 
St. Petersburg, crushing all before him? With the с 
Russian winter rapidly approaching, his troops tremble 
with fear at the very thought. Could he stay arii 
and wait for the spring to continue the campaign o 
witho helter for his men. у ; 

For oe ok ie Napoleon did nothing except sit 
in Moscow and fret, eyeing the signs of advancing autumn 
With anxiety. Finally, there was nothing left to do Во |: 
Ietreat. The French Army was accustomed to living oit the 
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countries they conquered. But the path of retreat lay along 
the desolate roads they traveled with such high hopes only 
a few months before. 

Records show that the Russian winter of 1812 was un- 
usually early and arrived with unprecedented cold. Cold, 
famine, and disease—the age-old enemies of the soldier— 
quickly took over the army. When the once-proud corps 
again reached Smolensk, they were only 40,000 strong. 
Battered by gales, shivering and demoralized, with frost- 
bitten limbs, they stumbled onward, leaving bloody foot- 
prints in the snow. The bridges had been destroyed and 
the soldiers were forced to swim the ice-flecked rivers. 
During the month of December over 10,000 horses died 
each week. 

Before they reached French soil, only 25,000 men re- 
mained and many of these would never fight again. Tt was 
Napoleon's first defeat, and it clearly resulted at the hands 
of General Weather, since only a small fraction of the 
casualties were due to enemy action. Napoleon never for- 
got that terrible winter, because his star fell further with 
each gust of the cold Russian wind. The strength of the 
army was broken and in April of 1813 he fled into exile 
on the island of Elba. 

Perhaps the memory of this defeat was still upon him at 
Waterloo a year and a half later. In this final and most 
dramatic battle of his career, he was again defeated, 
mainly by weather. . 

After his return from Elba, Napoleon immediately had 
to prepare for battles with the armies of other Western 
European countries which invaded the French frontier. 
He decided to divide the armies aligned against him, ап 
the showdown began in the month of June, 1815. 

On the sixteenth, Napoleon defeated the Prussians UP” 
der General Blucher at Ligny; on the seventeenth his army 
marched toward the town of Waterloo where the British 
troops under command of the Duke of Wellington wet? 
waiting. 
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During the month of June, Europe is often clouded by 
damp seasonal fronts which leave the heavy loam soil of 
northeastern France and Belgium soaked with rain. The 
days preceding the Battle of Waterloo had produced just 
Such a weather condition, and Napoleon fought and 
Marched through heavy rain. 

On the night of the seventeenth he tested the ground 
of the battlefield and decided to delay the attack until 
the earth dried sufficiently to allow a firm foundation for 
his heavy guns. The nearby presence of the Prussians at 
Ligny was a nagging worry, but he did not believe they 
Could have reorganized their forces in time to be of any 
assistance to Wellington. 6 

The warm spring sun rose on the morning of the eight- 
eenth about 4:00 A.M., but Napoleon waited until noon 
before joining battle, because of the soft mud. At 6:00 
P.M. he was on the verge of victory. But sometime before, 
the advance guard of the Prussians came over the crested 
hills; and shortly after 6:00 P.M., the forces which | he 
had defeated only two days before had joined the British. | 
In another two hours Napoleon's army was defeated and 
his power broken forever. The rest of his life was spent 
On the island of Helena where he often speculated on 
the fateful rain which prevented his early attack andapro- 
duced his final defeat. Й 

Early in thawar year of 1943 the Japanese had оп 
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9 the Japanese troops on New В 
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reinforce the garrison at Lae only forty miles away so that 
an assault could be made upon this airfield. Seven thousand 
soldiers were to be brought down from Rabaul, 350 miles 
to the northeast, to perform the job. Plans were laid care- 
fully. The ships were loaded so that equipment could be 
removed from them quickly. Air support was to be sup- 
plied from the most convenient bases; however, it was 
realized that such protection would be limited, because 
much of the water traversed would be a considerable dis- 
tance from operating airfields. 

Even the weather was considered. Observation planes 
found a front just off New Guinea, and this was tracked 
carefully with the idea that it would provide excellent 
cover for the plodding ships. Thus the stage was set for 
the Battle of Bismarck Sea, which was to have a con- 
siderably different outcome than originally anticipated, 
mainly because of unexpected and unpredictable changes 
in the weather. 

Under the command of Admiral Kimura, the convoy 
set sail long before dawn on thé first of March. The force 
consisted of eight transports and seven destroyers. The 
ship commanders were optimistic as they steamed out of 
the harbor at Rabaul. The sky was filled with low, tuf- 
bulent clouds hanging over thick rain. Under such condi- 
tions it was very unlikely that the convoy would be spotte 
by Allied aircraft; the weather would make co-ordinate 
air attacks next to impossible. Everyone knew that airme? 
the world over had a healthy respect for the storm clouds 
of the equatorial front, because they are filled with hail, 
violent turbulence, and severe lightning. 1 

All through the first of March the ships nosed throug 
the water placidly. But late in the afternoon, the equ? 
torial front perversely shifted northward out of the Jine 
of the intended track of the convoy. The rain stopped 25 
the ceiling lifted; the color of the clouds lightened from 
their former dirty grey, and there was unmistakable e 
dence of a definite thinning in the overcast. The Japane 
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Officers began to scream at the lookouts, nervously en- 
joining them to search the skies carefully. Their uneasiness 
increased when just before sunset the convoy sighted a 
lone B-24 under the stratus clouds. 

Spirits fell as the weather improved. The morning of 
the second dawned with hardly a cloud in the sky. By 
10:00 A.M. the convoy was attacked by planes which 
sank one transport and damaged two others. The next day 
Was far worse for the enemy. By this time the convoy 
gleamed nakedly under the tropical sun, visible for over 
twenty-five miles. The planes of the United States Army 
Air Force and the Royal Australian Air Force came out in 
full strength. When they had finished their work of des- 
truction, only four destroyers of the original fifteen ships 
remained undamaged. During the night the U. S. Navy's 
torpedo boats completed the destruction, so that by morn- 
ing all the damaged ships were sunk. T 

During World War II there were many such ramp es 
Of battles won and lost by the weather. While it can Ac 
argued that the elements show no partiality and that the 


effect on both sides should balance ae ee =; 
A eaking, invading troo е 
еа n during the campaigns 


Some disadvantage, as was show: 1 : 
ot Naot The is because invading armies ae а 
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Clothing and tools necessary for operations UD ег 


lar weather conditions. 1 
However, in his constant search for pg 
Man is making strides to equip his soldiers col 
fight in any sort of weather. New ара а 
Stantly being made to determine the че ва sayi 
ghting men in all parts of the world. As e 
Weather progresses, man may well learn EN. 
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stead of allowing it to alter the course of his plans as he 
must today. 

Along that historic stretch of beach which comprises the 

European side of the English Channel, there is no more 
sparsely populated and desolate sector than the sixty-mile 
reach between Caen on the east and the Normandy Penin- 
sula to the west. The tides are strong, and they have 
molded long slopes of damp sand below the sea wall. The 
hard ground above is divided into pastures which are cen- 
turies old and separated by earth walls known as hedge- 
rows. These are overgrown with thick tangled bushes and 
lined by drainage ditches which create perfect natural 
trenches. 

At first glance it would seem that there are many places 
along the coast which would provide a more logical point 
of entry for an amphibious assault. However, when the 
Allied generals began to go over their maps in the fall of 
1943, they studied this section carefully. It nestles almost 
baylike between the Peninsula and the rocky protuberances 
of the Pas de Calais area, and the smoothing effect of the 
Carentan Estuary eliminates much of the nasty chopping 
sea for which the English Channel is famous. Also, the 
fact that the area is sheltered from the prevailing westerly 
winds by the Normandy Peninsula did not escape the 
military planners. As a result of these considerations, it 
was decided to launch Operation Overlord between Caen 
and Carentan, and the first decision of the greatest mili- 
tary operation in modern times was made. 

The invasion of Europe was first scheduled to begin 
during the favorable period of the May moon in 1944. 
Actually, due to the relationship between tides and morn- 
ing twilight, the time of the initial assault was limited to 
six days of each month. Twice each day the beaches of 
Normandy are flooded with a tremendous tide which rises 
nineteen feet from low to high water. Landing at low tide 
meant that our troops would lie on the half-mile of flat, 
sandy beach between the low water and the sea wall and 
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be exposed to enemy fire. The ideal condition for land- 
ing thus seemed to be a dawn high tide, so that they could 
gain the protection of the bank as early as possible. This 
would prevent disasters like that of Tarawa in the Pacific 
campaign. 

However, the enemy had also appreciated this fact and 
had strung the approaches with mines, barbed wire and 
other obstacles located halfway between low and high 
tide. These obstructions had to be blasted away by the 
army demolition teams. Since the tide rose at a rate of 
one foot every fifteen minutes, and the engineers estimated 
it would take thirty minutes to clear the water, it was 
decided to launch the atack just as the rising tide reached 
the obstacle line. 

Allied weathermen soon dissuaded the generals from 
launching the attack in May. The statistics which had been 
gathered carefully over many years showed conclusively 
that May was a month of high winds and heavy rains. 
Summer often comes late in Northern Europe, and spring 
is likely to be turbulent. In order to make the best use of 
landing craft and air coverage, good weather was neces- 
Sary. Also, the Russian thaw normally begins in earnest 
about the middle of May; once the frozen steppes began 
to melt, it would be possible to launch an offensive on the 
eastern front which would fully occupy the German troops 
In that area, so that they could not be diverted to defeat 

€ invasion attempt before it gained a foothold. 

It soon became apparent that the period from June 5 
to June 9 offered the most advantages. Just the right 
“mount of daylight would be provided to allow the demoli- 
tion teams to do their dangerous job in the filling tide 

ter the beaches had been approached under cover of 
dar kness, Accordingly, D Day was set for the fifth of June. 
an Sthing was left to chance. More than a million men 
ae Stationed in England, training for the amphibious 

ЧАШ, and many operation orders were written totaling 

| tons of words. Several of these contained more words 
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than Forever Amber, the best-selling historical novel at 
that time. The weather observers attached to General 
Eisenhower's staff worked at top speed. They compared 
the current weather conditions all over the globe with 
those of past years, seeking to establish the trend from 
similar weather patterns. As D Day approached, they be- 
came increasingly optimistic. The snows were melting nor- 
mally from the lower mointains of Canada; the ice began 
to break in the northern rivers on schedule. Indications 
from all over the world pointed to a mild European spring. 

Then almost as if to prove that man’s best plans were 
still at the mercy of the elements, the weather turned 
bad. A low-pressure area drifted slowly but inexorably 
from the west across Plymouth and Brest, bringing low- 
stratus clouds that spread thick billowing fingers over the 
invasion area. The Channel waves swelled into turbulent, 
white-tufted crests. On the afternoon of Saturday, June 3, _ 
the weather report read as follows: “Mist from 4 to 7 June M 
with low clouds and reduced visibility in the mornings. 
Rain. Winds not to exceed 20 to 25 miles per hour. 
Choppy water in the Channel with five-foot breakers. A 
four-foot surf on the beaches.” 

The hopes of the invasion force fell. The troops already 
briefed were excommunicated from the world on their in- 
vasion craft. Any delay meant that they must be kept 
aboard so there could be no possible leakage of this, the 
most closely guarded secret of the war. The operation was 
so large and complex that some ships were already on 
their way from the northern ports; many wheels had al- 
ready begun to turn in anticipation of the target date of 
June 5. But to proceed in foul weather would be an invita- 
tion to the worst disaster of the war. The beaches would 
be tricky on landing, air support for the troops would be 
impossible under the thick low clouds, and no spotting 
planes could be used to direct the fire of naval guns which 
were to knock out the heavy pillboxes and fortifications 
on the invasion coast. 
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Thus General Eisenhower was faced with one of the 
most fateful decisions of all time. A mistake in judgment 
could produce incalculable disaster and prolong the war 
indefinitely. After studying the problem and conferring 
with his weathermen, two words flashed from the powerful 
radio station at his command headquarters: HORNPIPE 
BOWSPRIT. They meant that the invasion was to be delayed 
one day. 

Slowly the tense hours passed. The weather held mono- 
tonously with drizzle falling softly from the thick gray 
clouds. Gusty twenty-five-mile-per-hour winds whipped 
the Channel seas. 

The weathermen on General Eisenhower’s staff spent 
a sleepless night on the fourth of June. If the storm lasted 
for three more days, it would mean that the invasion could 
not be launched for two weeks, since it would be that long 
before there was another high tide at daybreak. If the 
weather was again unfavorable, there could be no invasion 
until July, and the summer would then be almost half 
gone. History was full of grim reminders recording the 
disasters arising out of campaigns launched too near the 
approach of winter. The weathermen knew that few sup- 
Plies could be landed on the beaches during the fall. This 
Meant that it was imperative that a Channel port be cap- 
tured before the first of September. 

Tensely the meteorologists studied the teletype machines 
which brought them weather information gathered all 
around the world. Each new pressure was quickly plotted 
9n their maps; each change in temperature and wind shift 
Was watched eagerly for its effects on the weather equation. 

The troops turned in on the night of the fourth with full 
expectations that they would receive another postponement 

e next day. Indeed, the morning of June 5 brought no 
M in the weather. The same grey stratus clouds were 
Mao and through the jetties the waiting soldiers 

d see the whitecaps on the wind-tossed breakers, 

But the weathermen had detected a possible break. The 
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evidence was tantalizingly meager but nevertheless unmis- 
takable on the maps. After rechecking the figures, they 
came up with a forecast that was immediately sent to 
Eisenhower: “The weather will clear during the afternoon. 
The winds will lessen and the cloud ceiling will definitely 
tise over the invasion coast. This condition should hold 
through the morning of June 6. After that the clouds 
will close in again and the winds will probably increase.” 

General Eisenhower squinted at the stormy clouds out- 
side his headquarters for a few long moments. Then, re- 
luctantly, he made his decision. The kickoff for Operation 
Overlord was definitely set for dawn on the sixth of June. 
Long afterwards, Norman Hagen, one of the expert mete- 
orologists present at the time, told General Eisenhower 
that his decision was the most courageous ever made in 
wartime haying to do with the weather. 

The weather on D Day did not turn out to be exactly 
what the weathermen would have ordered. A flight of 
heavy bombers sent over to reduce fortifications in the 
beach area overshot their target by three miles due to low 
clouds, and their bombs exploded harmlessly in the hedge- 
tows beyond. Many a G.I. was seasick that morning as 
his landing craft tossed in the heavy swells off the beach. 
But the weather was good enough to permit the landing 
of the equivalent of 200 trainloads of troops during the 
first day. Also, the high seas cluttered the radar screens 
and the poor visibility obscured the Channel, so that the 
passage of the invasion ships went undiscovered until their 
arrival off the beaches. 

In retrospect, General Eisenhower’s decision became 
even more sound. On June 18, during the next high tide, 
a vicious, unusually violent summer storm, which would 
have precluded all possibility of the landings, struck the 
invasion area. During this storm more landing craft were 
lost in the Channel than on D Day itself. 

During April, 1945, a conference was held in the Pen- 
tagon. It was a small group as conferences go, but one of 
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the most important of the war. Those present spent most 
of their time leaning over weather maps and listening to 
the words of a white-haired old man from Norway who 
spoke broken English. The Norwegian was an expert on 
air masses, and the conference had been called to usher 
im a new era. These men had gathered together to decide 
when and where they would drop the first atomic bomb. 

They decided on three possible targets: Hiroshima, 
Kokura, and Nagasaki. The question of the time was a 
little more difficult. There were no bombs to waste, and 
once the plane left for the target there could be no turn- 
ing back. The timing and the execution of the operation 
had to be letter perfect; so did the weather. 

Finally, after an intensive study of his maps, charts, and 
statistics, the old man gave them his decision. There would 
be a period of three days beginning August 6 when the 
weather conditions over Japan would be just right for 
the drop. 

Those who were to drop the bomb went from the Pen- 
tagon to Tinian to prepare for the event. General Curtis 
LeMay, Commander of the Western Pacific Strategic Air 
Force, would make the final decision as to target and time. 
Every day after the first of August weather reports were 
gathered from China, Russia and the Philippines. At 1:00 
P.M. each afternoon General LeMay received a complete 
briefing on the weather. A half-hour later he made his 
daily decision on whether or not to send the bomb. 

For the first four days the decision was no. There was 
а weak but persistent summer cold front lying over the 
Japanese Islands. Finally on the afternoon of the fifth, the 
front looked as though it were moving out and General 
LeMay decided on the next morning. Long before the 
bomb-carrying B-29 arrived over the target area, the crew 
Ieceived reports from three weather planes, which had 
been sent out ahead of time to observe conditions at the 
three cities, The reports showed that Hiroshima had 
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the best weather, and the decision on where to deliver 
the bomb was made then. 

On the morning of August 6, as the atom-bomb plane 
flew in, the air over Japan was partially filled with large 
tufted cumulus clouds; as chance would have it, there was 
a large hole in the clouds over Hiroshima. Minutes later 
this hole was filled by the famous mushrooming cloud of 
the bomb, and those in the plane were the first ta realize 
that our world would never be quite the same again. Be- 
cause of the accuracy of modern weather forecasting, the 
bomb was delivered within fifteen seconds of the time 
planned six months before. 

Three days later a second bomb was dropped on Naga- 
saki. This time the weather was not so co-operative. The 
primary target was Kokura because the weather was best 
there. However, for some reason it was obscured by 
smoke. After three passes the bombing plane went on to 
Nagasaki where the weather was much worse. Ninety per 
cent of the bombing run had to be made by radar. But in 
the last moments the target could be seen beneath the 
clouds. 

During the fall of 1944 objects were reported in the 
air over the northwestern United States by the inhabitants 
of that region. These were variously described as huge 
balls of fire about the size of the moon and as parachute- 
like devices floating dreamily over the Oregon and Wash- 
ington hills. 

Military men and scientists listened to the stories with 
interest. There were many possibilities: meteors, weather- 
observation balloons, and the redoubtable fiying saucers 
immediately came to mind. But one other idea was worth 
considering: they might be the result of some unknown 
secret weapon unleashed by the Japanese. About the same 
time, the strategic bombing planes striking the Japanese 
cities reported another peculiar phenomenon. On the way 
to their targets, they encountered huge balloons rising tO 
tremendous heights. 
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Shortly after these strange occurrences, an unusually 
large number of fires began breaking out in the Pacific 
Northwest. Also, bits of rice paper were found on the 
streets of Los Angeles, and unexplainable explosions were 
heard near some of the West Coast towns and cities. 

A meeting of weathermen and other scientists ascer- 
tained the facts and came up with the right answer. The 
Japanese were launching huge balloons against us which 
Contained explosives, incendiaries, and perhaps even germs. 

The idea of possible biological warfare was enough to 
galvanize even the most confirmed skeptics into action. 
Warnings were published to all civilians telling them not 
to touch strange objects. Teams were formed and sent out 
to capture some of these balloons so that they could be 
examined. Finally, several were captured intact. 

The principle of operation was amazingly simple. As 
Mentioned in an earlier chapter, the earth’s rotation causes 
a basic west-to-east circulation of the atmosphere. Balloons 
launched in Japan were carried swiftly eastward at high 
altitude by the swiftly flowing air. Their altitude was stab- 
ilized at about 30,000 feet by means of an air-pressure 
device which released sand ballast when they began to 
sink, 

By the time the balloons reached the coast of the United 
States all the sand had been dropped in order to make up 
for the loss of hydrogen which leaked out slowly through 
the bag. Then they began dropping more deadly cargo— 
bombs and incendiaries. The Japanese had not gotten 
around to trying germs before the war ended. 

Since the gases which they contained were cooler and 
therefore more dense at night, the balloons became heavier 
relative to the atmosphere during the hours of darkness. 
Tt was then that they usually descended. 

By the time the war ended, it was estimated that nearly 
Опе thousand balloons had been dropped on this country. 

Ome of them penetrated as far east as Detroit, while 


154 | / The Story of Weather 


others flew north into Canada and Alaska. Without the 
comparatively recent knowledge of the general atmos- 
pheric flow pattern, this type of psychological warfare 
would never have been possible. 

Along with bringing us explosive-laden balloons, the 
atmosphere is able to yield information of considerable 
importance about our neighbors to the west. This fact 
received considerable attention when President Truman 
announced, in October, 1951, that the Russians had ex- 
ploded an atomic bomb. By far, the least dangerous 
method of obtaining information of Russian atomic activ- 
ities is to analyze the contents of the wide current of 
atmosphere which flows over our country from Asia, 

The process by which this is done has been described 
recently in several scientific publications. Two physicists, 
Norman Holter and W. R. Glasscock of Helena, Mon- 
tana, collected rain water from stratus clouds over the city 
and filtered it through cotton. During 1951 and 1952 they 
found that some of this filter cotton was contaminated 
with radioactive material. Tests indicated that the con- 
taminating substance was identical to the radioactive par- 
ticles found in clouds produced by atomic explosions. Such 
clouds formed by Russian tests have been deflected over 
this country by the jet streams and the natural circulation 
of the atmosphere. Thus, we are able to announce the 
atomic explosions in Russia despite the blanket of secrecy 
imposed by the Iron Curtain. 

In the short span of recorded history, the effect of 
climate upon civilization has been of tremendous impor- 
tance. Other weather influences, undoubtedly even more 
vital, accompanied the dawn of this world. It is safe to 
predict that the future will produce many more changes 
based on the ever-changing climate. Although man has 
learned to use many of the elements on his earth, he must 
still open many doors and discover many hidden natural 
laws before he will be able to control the weather of his 
globe. 
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BEYOND THE GRASP OF OUR SENSES LIES ANOTHER WORLD, 
hidden from our gaze and intangible to our touch, but 
nonetheless real. This is the world of electricity. It is like 
the movement of time and the deep currents of the sea, 
unseen and unheard. Yet we can measure the electrical 
elements and we know the laws of its timeless flow. 

We also have come to realize that the incredible atmos- 
phere is more than a sea of gases, more than a pattern of 
wind and storm. In every layer of our atmospheric blanket, 
electrical currents wave their intricate tapestry so that the 
envelope of air has become a gigantic electric field and 
а storehouse of power far beyond the total capacity of all 
the world’s dams. 

The full significance of this amazing property of our 
atmosphere has been realized only during the last few 
years. But men have always been awed by the brilliant 
lightning patterns of the vertical storm clouds and the 
Spectacular dances performed by the northern lights. In 
much the same fashion, the auroras and the eerie glow of 
St. .Elmo's fire puzzled them for many ages. But it re- 
mained for the development of radio and radar to provide 
the first basic clues which led to an understanding of the 
electrical atmosphere. 

At first, man thought he had created electricity, But 
further investigation has forced him to accept a much 
те humble role. He merely discovered it, and rather be- 
atedly too, since he had been face-to-face with all the 
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evidence from the beginning of time. But once he became 
aware of the electronic world, he probed diligently at its 
secrets and learned to harness the electrical elements to do 
his bidding. In the process he uncovered many mysteries 
of the sea of air which puzzled him through the long un- 
enlightened centuries. 

To understand the relationship between atmosphere and 
electricity, it is helpful to visualize the earth and its sur- 
rounding gases as a gigantic dynamo of vast circumference 
and intricate design. The upper atmosphere can be re- 
garded as the rotor or whirling envelope, while the earth 
provided the magnetic field. As in our conventional gen- 
erator, it is the interaction of the one upon the other which 
causes the electrical flow. 

Dr. Sydney Chapman- of the University of Iowa has 
developed a theory which explains many of the unknown 
elements in the vast electrical field around the earth. He 
believes that the great storms on the sun which we see as 
sunspots emit large quantities of electrified matter. This 
is mainly in the form of ionized hydrogen—hydrogen 
atoms which have lost some of their electrons. These 
hydrogen ions and an approximately equal number of 
negatively charged electrons are captured by the earth's 
magnetic field and whirled like tiny moons in an electrified 
ring about six thousand to eleven thousand miles above 
our sphere. 

The positive ions are much heavier than the electrons, 
and for this reason they must travel faster in their orbits 
around the earth. The great space ring thus becomes 4 
powerful current of positive electricity flowing around the 
earth. Periodically, the ring dips downward and curves 
into the lower atmosphere to cause many strange and weird 
electrical phenomena. 

Dr. Chapman’s theory is interesting not only because 
it explains the creation of the aurora but also because it 
may clarify another electrical enigma. It has been know? 
for some time that mysterious measurable electrical СШ" 
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Tents flow in the earth’s crust, similar to those which exist 
at high altitude. We now believe that this current is in- 
duced by a fiow of electricity in the air-borne electrical 
ting. Dr. Chapman’s electrified ring makes it appear as 
though nature has preceded man in another of his most 
prized inventions, the electric motor. 

The bombardment of the earth by solar radiation is 
responsible for one of the great layers of the atmosphere, 
the ionosphere. Located directly above the blanket of 
ozone, about one hundred miles above our heads, this 
region is characterized by the presence of many diverse 
electrical currents which are created when the ultraviolet 
radiation from the sun is absorbed by the earth’s rarefied 
Bases, The ionosphere is not uniform throughout but con- 
tains several concentrated electrical layers which have been 
designated by the letters of the alphabet. Each layer is 
caused when the atoms of a specific gas become ionized. 
The D layer, for example, consists mainly of ionized 
molecular oxygen, These great electrical circuits of the 
atmosphere were first predicted by the English scientist, 
Oliver Heaviside, and are now called Heaviside layers. 

The D layer is particularly opaque to low-frequency 
tadio waves. Like a giant, hollow mirror, it reflects radio 
transmissions back from the upper atmosphere to receiving 
Stations on the earth, thousands of miles away from the 
transmitter. If it were not for the D layer, radio transmis- 
sion would not be effective over a few hundred miles. 

Sometimes, however, the D' layer cannot be trusted to 
Telay our radio signals. During periods when there is in- 
tense sunspot activity, the D layer becomes very intense. 

Or reasons which are not entirely clear, it then acts as 
а trap to absorb the radio waves it formerly reflected. At 
Such times, radio fade-outs plague us and service may be 
totally disrupted. À more common annoyance is the fading 
Caused by momentary shifts in the position of the elec- 
tronic mirror. These cause erratic radio reception. At night 
the bombardment of the sun is deflected from the D layer 
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by the earth, causing a reduction in its strength. Less trans- 
mitted energy is absorbed and the mirrors work their best 
for us. Long-wave transmissions are excellent in the 
earth’s shadow. 

The most spectacular and dangerous electrical phenom- 
enon created in our atmosphere is lightning. The mighty 
flash and reverberating sound of the electrical discharge 
have struck fear in the hearts of men throughout the ages. 
Generally, lightning is born in cumulus clouds, which are 
characterized by their high vertical development and re- 
latively small surface area. A mature thunderstorm cloud 
may extend upward from a lower level of 2,000 feet to 
25,000 feet. It will contain over 1,000,000 tons of water 
vapor and almost a million volts of potential electrical 
energy. One bolt of lightining from such a cloud may dis- 
charge electrical power in the amount of 50,000 kilowatt 
hours. This is enough electricity to light the city of Jack- 
sonville, Florida, for three hours. 

Lightning almost invariably accompanies a torrential 
downpour of rain. The falling droplets are mixed by the 
turbulent air and rubbed against each other until many 
of them are broken up into water vapor. This rubbing 
causes an effect similar to that produced when a comb is 
drawn across the back of a cat. A charge of static electricity 
is produced. The smaller particles of water vapor become 
negatively charged and are carried skyward by the upward 
charged droplets, remain in the lower regions of the atmos- 
phere, or fall to the ground as rain. The steady accumula- 
tion of negatively charged particles in the upper atmos- 
phere and positively charged droplets at the surface cause 
a large electrical potential or difference in charge. 

When the electrical potential becomes strong enough, it 
suddenly discharges its energy by means of a bolt of 
lightning. The brilliant stroke of static electricity may 
traverse six miles from sky to earth, or from cloud tO 
cloud, in a fraction of a second. The thunderclap cause 
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by the rapid expansion of air may be heard for fifteen or 
twenty miles. 

For centuries the lightning bolt was man’s main con- 
tact with the static electrical fields in the atmosphere. Then 
we learned to fly. Early pilots were terrified when they 
first observed an eerie bluish light or corona flickering 
around their propellers as they flew through areas of rain 
or snowfall. With the advent of metal aircraft this phe- 
nomenon became more common. It is called St. Elmo's 
fire and has been identified as a “junior partner” of light- 
ning. As rain or snow strike the metal parts of the air- 
plane, they carry away some of the surface electrons. When 
the aircraft passes through suitably charged clouds, it 
discharges its unwelcome electrical passengers in the form 
of minute electrical charges or St. Elmo’s fire. 

This static electrical life exists only in the lower re- 
Bions of the atmosphere near the surface and within the 
Weather zone. The currents in the upper layers are ш- 
finitely stronger and more diverse; as yet we have been 
unable to measure them. For the most part, they are 1n- 
visible, but occasionally we receive a manifestation of 
them in the form of the aurora borealis, a spectacle which 
has thrilled and fascinated man since the beginning of 
time, 

The aurora borealis owes its name to the Greek god- 
dess of dawn, Aurora, who was purported to rise over the 
sea, drawn by the celestial horses, Lampus and Phaethon, 
and who raised the curtain of night with fire-draped arms. 
The early Latin poets described her as the wife of Titan, 
the sun god, and said that she preceded him in his end- 
less race around the world, strewing rosy flowers in his 
path, 

The thin, ghostlike streamers of the aurora borealis 
Streak across the heavens during spring and fall evenings, 
Causing man to lift his eyes skyward in awe. Of all the 
Spectacles in the atmospheric bag of fireworks, none has 
а greater variety of color and form. Often the auroras un- 
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furl in dazzling sheets of light similar to the lower edge 
of a wind-blown flag. Sometimes they hang almost still 
in the night. At other times they spread upward in pulsing, 
brilliant colors radiating in an are which fills half the sky. 
Occasionally they appear as though huge, dancing search- 
light beams in the upper middle latitudes near both Poles; 
for this reason they are called northern lights. 

The auroral colors range the spectrum. The stronger 
colors are most often an odd shade between yellow and 
green. Red, gray, violet, and blue shades may be seen 
sometimes, and the curtain or flag-type of auroral display 
will often appear as pale chartreuse, fading from a brilliant 
red along its lower border. The auroral light seems to be 
similar to that appearing in the conventional neon tube. 
The colors coincide with those produced by the electrifica- 
tion of certain ionized gases such as atomic oxygen and 
nitrogen, which are known to exist in the upper atmos- 
phere. Electrification of oxygen produces yellow, red, and 
green; nitrogen glows orange, blue-green, blue-violet, and 
a deep violet-gray shade. The operation of a conventional 
neon tube requires a heavy charge of electricity to pass 
through a dense concentration of such gases. Just how 
this process occurs at heights of six hundred miles above 
the earth’s surface is a puzzling mystery, but it is known 
to be intimately related to the sky-earth dynamo dis- 
cussed earlier. 

The creating impulse for the auroras appears to be the 
sun. Clues suggesting this were first noticed when scientists 
found there was a distinct relationship between the ap- 
pearance of the auroras and the seasons. The greatest 
numbers of auroral banners are seen at the start of the 
spring and autumn; the fewest when winter and summer 
begin. Astronomers then found that the auroral displays 
rise from their lowest ebb to their greatest frequency in 
about twenty-six days, a figure matched almost exactly 
by the rotational period of the sun. The evidence is being 
gathered gradually. So far, it indicates that the auroras аге 
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related to the sun and more particularly to the great solar 
Storms we call sunspots. 

The solar rays which create our weather and warm our 
planet are also the source of the mysterious electrical pat- 
terns that race through our sea of air. The great earth- 
and-atmosphere generator receives its impulses from the 
Same energy machine. When the stars appear on some 
clear future evening, a scientist may throw the switch 
which will draw current from this gigantic dynamo to light 
the world. If this day should come, man will have tapped 
the endless cosmic resources outside his sphere. He will 
no longer need to fret over the depletion of the natural 
Tiches and the fuel on this globe, and the forces which 
bind our whirling universe will provide the energy to su- 
Stain him for as long as his world exists. 
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THE ANCIENT PHYSICIANS BELIEVED THAT LIVING THINGS 
contained a magic elixir which vitally charged their bodies 
with the mysterious breath of life. But careful analysis of 
living cells has convinced latter-day scientists that there is 
no chemical with such remarkable properties. As a matter 
of fact, they are now convinced that the cells of plants, 
animals, and human beings are formed of the prosaic, 
abundant chemical elements; those most plentifully found 
in the atmosphere. 

If all the constituents of the air around us were broken 
down into their component elements, we would find they 
bear a remarkable relationship to the chemistry of living 
things. The atmosphere contains nitrogen, oxygen, carbon, 
and hydrogen in either combined or uncombined form. 
Analysis of life-substances shows that the great majority 
of living cells are also made up of these four atoms. 
Carbohydrates and fats consist almost solely of carbon, 
hydrogen and oxygen; proteins are built of these three 
plus nitrogen. While it is true that other substances are 
found in living cells, the four main atmospheric elements 
are by far the most abundant. 

Scientists know that the atmosphere has gone through 
many stages of evolutionary development and change. 
During the formative stages of the first living cells, its 
composition is believed to have been methane, ammonia, 
water, and hydrogen. Basically, the elements which com- 
pose these gases remain in our atmosphere today; the 
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present elements, carbon, oxygen, and nitrogen, were then 
merely combined into different molecules. The changes 
and mutations in the atmosphere have been caused by 
the development of life, the temperature variations in the 
earth’s crust, and the natural decomposition of the original 
gases through the ages. The first minute supply of oxygen 
probably came as a result of lightning discharges in the 
early thunderstorms, which decomposed the vitriolic atmos- 
phere and released free oxygen to combine with other 
elements. 

The first traces of oxygen led to the development of 
early plants such as the green translucent algae, Corycia, 
which quickly covered the embryo seas. These algae in 
turn manufactured more oxygen from the carbon dioxide 
in the air, and more. complex plants gradually evolved 
through the long dark centuries. Shortly, as time is meas- 
ured in the growth of planets, the oxygen-consuming crea- 
tures began to appear and the carbon dioxide—oxygen 
cycle was born. 

The carbon dioxide—oxygen cycle is the precise, never- 
failing process by which the plants, the animals and the 
atmosphere maintain a mutual partnership for self-sup- 
Port. Oxygen from the air is inhaled by all members of 
the animal kingdom, and carbon dioxide is exhaled. The 
Teverse is true of plants. This is a simple but vital cycle 
Which revitalizes the atmosphere for both plants and 
animals. Interrupt the cycle or change its balance, and 
life on earth as we know it would soon die. 

The dwellers of the sea are not exempt from this 
Sigantic chemical Ferris wheel. The great oceans of the 
€arth absorb both oxygen and carbon dioxide in large 
quantities; the teeming life within them feasts on these 
Products. The oceans have captured carbon dioxide in 
Such quantities that they now hold fifty times as much as 

© atmosphere. 

The conversion of carbon dioxide into carbon and 
Oxygen is not difficult by chemical standards; any skilled 
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chemist can perform such a transformation with ease. The 
creation of carbon dioxide is even more simple. It is one 
of the products of combustion, and one need only start 
a fire to manufacture huge quantities of the element. 

Despite the simplicity of these experiments in the labora- 
tory, man has not been able to discover how living crea- 
tures can accomplish such processes within their own 
bodies. In a rather startling departure from her usual 
methods, nature has chosen much more difficult processes 
to accomplish the same work. It is known that two ex- 
tremely complex molecules are intimately tied into the 
cycle. They are chlorophyll and hemoglobin. 

Chlorophyll is the protein which causes the green hue 
that spreads across our lawns in the spring as the plants 
begin to grow. It extracts the carbon dioxide from the air 
and, with the aid of solar radiation and moisture, trans- 
forms this gas into stringy cellulose or plant fiber. Oxygen 
is released in the process, and this unique action is called 
photosynthesis. We understand what goes in and what 
comes out; we know the in-between products, But al- 
though the process goes on about us every day, we know 
practically nothing of how it is accomplished. 

The oxygen rejected by the chlorophyll molecules is 
breathed into the lungs of animals, and hemoglobin takes 
over. This element, found in the blood of almost all 
animals, transports the oxygen to the capillary veins in 
the muscles, where it can be burned along with carbon in 
the energy-making process. Hemoglobin then picks up the 
carbon dioxide which results from this burning and re- 
turns it to the lungs, where it is breathed outward as waste 
gas. Again, we understand the results of the process, but 
we do not know how it is done. Hemoglobin appears tO 
act in much the same manner as our dairyman who brings 
us milk every morning and takes away our empty bottles. 

Another unusual factor in this amazing life cycle is that 
the hemoglobin in the blood and the chlorophyll in the 
plants are very similar in their chemical structure. Both 
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are complex proteins having a molecule of metal tied to 
their centers. Chlorophyll contains the element magnesium, 
while hemoglobin has iron in its nucleus. А 

Nature apparently knows a good molecule when she 
sees one. Chemical structures similar to hemoglobin and 
chlorophyll are found in many creatures of the sea, such 
as the king crab and the octopus. These have like proteins 
flowing in their vital fluids, with a molecule of copper act- 
ing as their key to existence. 

As oxygen and carbon dioxide are replenished in the 
air, nitrogen must be added continuously to maintain the 
tight balance of atmospheric elements. For this reason, 
nature has provided our world with a nitrogen cycle to 
replace the gas which is lost to plants, animals, and (by 
the process of absorption) the earth’s crust. 
` Some types of soil bacteria take nitrogen directly from 
the air and convert it into many useful compounds used 
as food by plants and animals. During electrical storms 
nitrogen and oxygen are often combined into nitric or 
nitrous acid by electrical discharge. Certain plants known 
as legumes, such as clover, absorb nitrogen directly from 
the air, This nitrogen is ultimately transferred to the 
earth by the bacteria which feed on the plants and by the 
decay of the legumes. 

Nitrogen is returned to the atmosphere in the form of 
ammonia from the excretions of animals. The decaying 
Process of many plants releases free nitrogen and nitrous 
Oxide, which become pure nitrogen and oxygen. ~ 

Yet another great chemical cycle wheels along on its end- 
less route over our heads. This is the unique blending of 
hydrogen and oxygen which we call water. Unlike its 
Partners in the cycle, carbon dioxide and nitrogen, water 
Can be seen and tasted. It is so closely tied to the human 
environment that man immediately becomes conscious of 
its lack, It is the lubricant which greases the efficient ma- 
Chinery of the life processes on Our earth. If its distribu- 
lion were interrupted, the mechanism would grind to a 
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sudden disastrous halt; once deprived of the solvent power 
of water and its ability to transfer food and heat, neither 
plants nor animals could live on this globe. Even if only 
the water vapor were to be suddenly swept from our 
atmosphere, we could not exist, for this would allow the 
precious trapped heat from the sun to escape, and our 
planet would be chilled to sub-polar cold. 

With all the evidence before him, man failed to under- 
stand until recent centuries the wheel of water rotating 
from earth to sky and back again. This was not through 
lack of study, because the source of water in the rivers 
and lakes puzzled men in ancient times. Aristotle believed 
that rainfall, together with water emerging from the deep 
bowels of the earth, united to form the rivers. Plato thought 
that ocean water flowed through subterranean channels 
underneath the continents to bubble forth as springs which 
replenished the rivers. Centuries later Kepler and Des- 
cartes subscribed to a modified form of Plato's theory. It 
remained for the genius of Leonardo da Vinci to suggest 
that river water was caused by the runoff of rainfall over 
the earth. Two centuries later three French scientists 
proved conclusively that the return of water to the land 
“Masses was the result of the water-carrying capacity of 
the atmosphere. 

Today we understand the functioning of the hydrological 
cycle better than any other. Millions of tons of moisture 
are siphoned into the atmosphere each day by the process 
of evaporation. The giant air masses carry this water over 
the land and deposit it as rainfall, which seeps through the 
earth, forming the rivers, which flow back once more to 
the oceans. The evaporation process aerates and purifies 
the precious water so that living things can use it. About 
three parts in a thousand of the total water on the earth 
are continually involved in this moisture transfer—enough 
to blanket the United States under a seven-foot layer. Yet 
its burden is carried effortlessly by the mothering atmos- 
phere. 
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The three great chemical cycles of carbon—oxygen, 
nitrogen, and water, have created the symbiotic partner- 
ship by which mankind and the other life forms live with 
the atmosphere. As individuals, we scarcely perceive this 
partnership. The hemoglobin in our lungs functions auto- 
matically to refresh the atmosphere, and our food habits 
regularly supply us with the chemicals and energy to 
sustain life. : 

Only by the vigorous exercise of our conscious senses 
are we acutely aware of environment. The atmosphere is 
mainly significant to us because of the climate it creates, 
and rarely do we like that climate: it is either too hot or 
too cold, too wet or too dry. But, despite our complaints, 
we are superbly adjusted to the average climatic condi- 
tions of our world. It is only the extreme variations which 
really hurt us. 

The average air temperature on the earth’s surface il- 
lustrates this remarkable adjustment. Weathermen have 
calculated with considerable accuracy the average mean 
temperature for the entire world; this works out to be 64°. 
Independently, medical scientists have estimated the tem- 
perature which appears to be best for health and work. The 
ideal temperature for the human organism turns out to be 
exactly the same. 

Thus, in a temperature sense, man resembles a perfectly 
designed machine. He operates with best efficiency at the 
condition most likely to be encountered in his environ- 
ment, but he is still able to accommodate the variations 
which he is apt to encounter. In order to do this, he is 
equipped with a built-in air-conditioning unit, which under 
normal conditions maintains a constant body heat of 98.6°, 
regardless of the outside air temperature. 

His temperature is controlled by a small organ at the 
base of his brain which is called the hypothalamus, It is 
the thermostat which turns up his furnace in the winter 
cold and starts his cooling mechanism during the summer. 
By means of an exquisitely delicate and complicated nery- 
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energy level, however, apparently guards against so-called 
degenerative diseases such as cancer. 

Aside from physical health, man’s emotional outlook is 
keyed to his local climatic conditions. Perhaps we can 
best understand how dependent we are on climate for our 
well-being when we realize that even our laws have been 
influenced by it. In Italy, for example, crimes of passion 
and violence are not punished as severely during those 
months when the fierce, hot sirocco winds blow in from 
the deserts of North Africa. Whole towns are said to have 
become sirocco-crazed, their people driven temporarily 
insane by these maddening winds. In Spain there is a 
proverb: “Ask no favors during the Solano.” The Solano 
season is a period of strong, hot winds, which shortens 
tempers and creates aggressiveness because the body’s 
physical tolerance has already been exceeded. In New 
York City the temperature curve has been compared with 
that denoting the frequency of crimes. The two curves have 
been found to be almost identical. As the temperature 
goes up, so does crime. However, when it gets very hot— 
over 100 degrees—there are few cases of assault and 
battery. Apparently, no one has the energy to fight. 

Climate shows its effect on humans in the most surpris- 
ing ways. Of the persons listed in Who's Who in America, 
more have birthdays in January and February than dur- 
ing any other months of the year. The majority born in 
these months far exceeds the number which could be laid 
to chance alone. Professor Ellsworth Huntington of Yale 
has studied the effect of birthdates on longevity and has 
discovered that, on the average, people born in March live 
almost four years longer than those born in July. They are 
also stronger, hardier, and more intelligent. 

Teachers have long known that students achieve their 
lowest grades ‘and do their poorest work while attending 
summer school; conversely, they do their best work in the 
spring and fall. Statistics prove that more persons taking 
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| Givil-service examinations pass in March and April than 
at any other time. 

Human beings are not the only ones who do well when 
the climate is cool and invigorating, for animals react in 
the same manner. Dr. Clarence Mills conducted some 
. experiments with rats which demonstrated this conclusively. 
| "Three groups of rats were given the problem of finding 
the right passageway through a maze in order to get a 
piece of cheese. The temperature of the room in which the 
rats were placed differed with each group. The first group 
of rats worked their way through the maze in an average 
of twelve attempts when the room temperature was 65°. 
The second group required twenty-eight tries when the 
temperature was raised to 75?. Working at 90°, the rats 
in a third group took forty-eight runs each, and some gave 
up altogether. It was too hot even to go after a piece of 
cheese. У 

In support of his theory of the effect of climate upon 
men and animals, Dr. Mills found that beef cattle in Iowa 
reached a weight of one thousand pounds within twelve 
months after birth. Steers raised in Louisiana take three 
years to gain the same weight. Those in Panama require 
five. 

Despite the wide variety of weather conditions existing 
Оп our globe, all of us have a basic physical construction, 
and the particular climate in which we live does not cause 
any major differences in the development of our bodies. 
However, there is one striking exception: a mining town 
by the name of Cerro de Pasco, located in Peru. In most 
respects, it is much like any other dusty little village the 
World over; it differs in that it is located at an altitude of 
14,385 feet above sea level. 

The people who visit this little town from the lower 
levels find themselves in a tricky, unnatural environment. 
They are weak and dizzy after walking a few steps, and 
their tortured chests heave in the attempt to get enough 
oxygen for their famished lungs; the slightest exertion 
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makes them see spots before their eyes. They are also sub- 
ject to fainting and dizzy spells. 

On the other hand, the natives. of Cerro de Pasco аге 
not troubled by the altitude; they work and play as hap- 
pily as though they were living at sea level. Examination 
of their bodies indicates that they differ physically from 
those who live at lower levels. Their lungs are larger, and 
they have enlarged and thickened hearts. Their veins are 
distended; their blood is more viscous than normal and 
carries larger corpuscles. Generally, their hearts beat 
slowly and their bodies react like those of well-trained 
athletes. 


The animals in this high world exhibit the same physical 


characteristics. The horses look thin and scrawny, but | 


they are able to outrun the lowland horses with ease at 
South American race tracks. These animals from a lofty 
climate are barred from many meetings because of their 
superior performance. 

From our viewpoint, the most violent and venomous 
climate is that which is encountered on the uppermost 
mountains. The challenge to the human machine is in- 
credible while climbing them; for this reason, man has 
ranked the conquest of the high mountain peaks among 
his most superb physical accomplishments. 

Mount Everest in the Himalayas, called the “Goddess 
Mother of the World” by the natives living on the frozen 
steppes beneath her awesome shadow, is officially recog- 
nized as the highest mountain on the face of the earth. 
During World War II, one of the pilots flying the Hump 
drifted far north of his course and reported a peak which 
towered over thirty thousand feet in the Amne Machin 
Mountains, a mysterious, unexplored range northeast of 
Tibet. His discovery, however, was made by radar echoes 
observed from a height of twenty-eight thousand feet and 
has never been confirmed. Despite this one possible tarnish 
on her reputation, Everest remains the queen of them а”, 
remote, mysterious, and, until recently, unconquered. 
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Before 1852, Everest was known as Mount Chomolung- 
ma by the Tibetans and labeled simply as Peak XV by 
British surveyors. Rumor and legend held that she jutted 
upward to wondrous heights, but no man could say how 
far. Then, in that year, a worker for the Indian Trigono- 
metrical Survey was collating mountain elevations from 
data collected by that organization. Without leaving his 
Office, he discovered that Everest was the loftiest pro- 
tuberance on the face of this earth and calculated its 
height as exactly 29,002 feet. Although this figure is 
somewhat in doubt today, his feat still remains one of 
the most remarkable examples of armchair exploration 


on record. 


Since 1921 there have been twelve expeditions launched 
to climb Everest, and at least a dozen lives have been 
sacrificed in the effort. Until May 29, 1953, no man ever 
returned successfully from the top; on the eve of Queen 
Elizabeth’s coronation the news was flashed around the - 
world that a New Zealand bee-keeper, Edmund Hillary, 
and a Sherpa guide named Tensing Norkay had planted 
the British Union Jack on the summit. 

The conquest of Everest’s fearsome slopes presented 
one of the most challenging physical problems known to 
Modern man. The top is one vast icecap, battered by 
terrible winds and violent storms of snow and sleet. The 
ridges and gorges which must be climbed are filled with 
treacherous ice and are subject to sudden destructive 
avalanches. The average wind blows at the rate of one 
hundred miles per hour; the mean temperature is well be- 
low zero. Often winds of hurricane force strike without 
warning beneath a clear sky, hurling stones with the speed 
ОЁ cannon balls. 

Many other mountains which men have conquered hold 
these perils. As a matter of fact, experienced mountaineers 
have made the statement that Everest, relatively speaking, 
is favorably formed for climbing. They contend that moun- 
tains such as the Matterhorn, the sheer sides of which 
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provide neither protection nor foothold, are much more 
impregnable. 

Why, then, did it take so long to conquer Everest? 

Some of those who tried and failed have provided a 
ready answer. It was not the mountain which defeated 
them, but the weather and the lack of oxygen. One moun- 
taineer spoke of the terrible lassitude which overcomes a 
climber near the summit. Men who have worked for 
months with burning dedication to the task suddenly lose 
all ambition during the last few thousand feet. They suffer 
strange mental aberrations, and their reactions are dull. 
They speak of vague dreams and the inability to form 
coherent sentences as their minds vacillate between unre- 
lated ideas. One climber remembers asking for a pick-axe, 
but when the word formed on his lips, he was surprised 
to hear himself calling for a shoe. Numbed by the constant 
frost, beaten by the howling winds, and weakened by the 
lack of oxygen, many would-be conquerers have been 
forced to turn back. 

When men seek to live on the levels above 21,000 feet, 
physical deterioration sets in rapidly. Even the hardiest 
lose weight and there is a general wasting away of tissues 
and muscle. Strength and vitality decrease markedly. The 
lack of oxygen affects men in many different ways. Some 
vomit and others have blinding headaches; perhaps half 
of them cannot sleep at all, while others must fight to stay 
awake. One mountaineer found that he had to take ten 
breaths instead of his normal one for each step forward. 
There is no escape from the biting winds and relentless 
cold. More than any other factor, the unfamiliar, terrify- 
ing climate of the upper levels stalemated many attempts to 
climb the mountain. 

In order to live at all in the rarefied atmosphere of 
Everest, a certain period of acclimatization is necessary. 
Colonel John Hunt, who led the successful 1953 expedi- 
tion, sent his climbers high on the peak three weeks in 
advance so that their lungs could learn to function ef- 
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ficiently in the thin air. Oxygen bottles are helpful, but 
Most mountain climbers refuse to depend entirely upon 
them. If the system should fail high on the barren rocks, 
the men would most surely be doomed were their lungs 
not accustomed to altitude. Gasping like netted fish, they 
would flounder drunkenly, unable to negotiate the easiest 
of slopes. - 

Mountaineers who have taken part in these expeditions 
tell strange tales of a weird race of wild men who inhabit 
the upper reaches of Everest. Many footprints of these 
Creatures, whom the Sherpas call Yetis, or Abominable 
Snow Men, were found above the 19,000-foot level by 
the 1951 expedition. Their tracks indicate that they have 
broad flat feet without arches. Tensing has seen one of 
them from a distance of twenty-five yards. He describes 
the Yeti as a creature, half man, half beast, about five 
and one-half feet tall, who stands upright and is able to 
run very fast on his heavy legs. His body is covered with 
reddish-brown hair, and he has a thick chest and a tall, 
Somewhat pointed head. Efforts to follow and capture the 
Yetis have always been defeated by their speed and the 
agility with which they traverse the glaciers and clifis of 
the mountain. Like much of the mountain itself, they re- 
main a mystery. The explanation that they are a species 
of bear or monkey is not satisfactory to those who have 
seen their tracks. There is, however, one thing about 
which we can be certain concerning these strange in- 
habitants of Everest: they must be truly super-beings to 
Withstand the rigors of the climate and atmosphere in 
Which they live. 

With the climbing of Everest, man completed a con- 
quest that was millions of years in the making, the con- 
quest of a planet. He has now set foot upon every major 
area of his globe. In a universe of cosmic forces that could 
Smash him by a barely perceptible movement, he has 
demonstrated full survival ability on at least one stellar 
body. He has done so by stages, from nonexistence to 
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dependence, and then to symbiotic partnership. From his 
local beginning, he has swarmed to cover the mountains, 
valleys and seas of his earth. This procedure has taken him 
less than fifty thousand years, a cosmic instant. 

What new adventures lie ahead? 

During recent years scientists have probed far into the 
soundless void of outer space. On December 30, 1950, a 
glider flown by W. S. Ivans, Jr., soared without power to 
an altitude of over 42,000 feet, showing that strong vertical 
currents extend through the entire troposphere. In the 
summer of 1954, Major Arthur Murray, U.S.A.F., climbed 
to 90,000 feet in a Bell X-1A rocket plane. Other rockets, 
carrying electronic equipment, have penetrated into space 
far beyond the outer limits of the sea of air. From these 
flights we have learned many unique facts about the upper 
regions of our atmospheric prison. 

For example, scientists have found that the ozone 
shields us from the powerful ultraviolet radiation of the 
sun. Without this protection, the green earth would soon 
become a brown cinder. 

With these high-altitude soundings as a basis, Dr. Fritz 
Haber has calculated that no airplane of the designs we 
now use can expect to fly at altitudes much above 100,000 
feet. Dr. Haber found that such a spacecraft must travel 
at extremely high speed in order to gain enough lift from 
its wings to support its weight. Although the atmosphere 
at this altitude is incredibly thin, the friction encountered 
in the necessary speed ranges would destroy the plane as 
effectively as the friction caused by an atmosphere of pure 
molasses. The pilot of such a craft would be faced with 
the alternative of flying fast enough to gain lift and burn- 
ing himself up or of flying slower and falling down. 

Indeed, the known terrors which face our new explorers 
rival the superstitions which beset the crews of Columbus; 
without doubt, there are many more obstacles still to be 
encountered. We can only be sure of one fact: man will 
attempt to surmount them. 
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There can be no question that we stand on the thres- 
hold of new adventures. From the vantage point of earth, 
man will seek to reach the stars and establish his environ- 
ment and culture upon them. He will also remold his 
home planet and change its face to meet his needs. But 
whether we are inward or outward bound, our race has 
begun to let go its shackles; the next step will be from 
Passive partnership to active control of the previously 
unconquerable environmental forces around us. 
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Ir HAS BEEN AT LEAST THREE BILLION YEARS SINCE THE 
earth was hurled forth as a flaming orb to spin and cool 
in space. The first life-thing made room for itself in the 
primeval ooze more than one billion years ago. Fossilized 
remains tell us that mammals strode about the earth for 
sixty million years. Man, by comparison, is a very recent 
inhabitant. His primitive ancestors have been traced back 
no more than fifty thousand years. His recorded civiliza- 
tion is seven thousand years old at the most, and his 
Science is much younger still. By far, the bulk of his 
achievements have been made within the last three cen- 
turies: physics is no older than two hundred years; elec- 
tronics and atomics are products of the last few decades. 

Yet in his comparatively brief existence, man has suc- 
cessfully met the challenge of his environment. It has 
been said that his forward progress is almost too success- 
ful, since the ever-growing population already crowds the 
fertile areas of the earth. Fifty years ago, the prospects 
for the race looked bleak indeed; some scientists fore- 
cast the day when the huge numbers of living humans 
would reduce all of us to semi-starvation. Today, how- 
ever, this outlook has been drastically altered by the ad- 
vance of scientific knowledge. We have begun to control 
the weather and extract energy from the sun. In a very 
literal sense, we are already mining the atmosphere, and 
man’s ancient dream of a garden planet grows daily nearer 
reality. 
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Looking backward, we can see many mistakes. For ex- 
ample, the first step toward control of the atmosphere 
should have been taken in the middle of the nineteenth 
century, for it was then that Dr. David Livingstone made 
a remarkable discovery in the most remote part of the 
African jungle. 

Dr. Livingstone was studying the strange practices of 
the natives and had become friendly with Sechale, one 
of Africa’s greatest witch doctors. One summer day he 
was approached by the tribe’s medicine man and told that 
Sechale was about to make rain. Was the Doctor inter- 
ested? He certainly was. 

Sechale explained that the drought cure was charcoal of 
a special magical kind. The recipe called for burning a 
pungent mixture of bat wings, jackal livers, excretions 
from a mountain pony, serpent skins, the hearts of ba- 
boons, lion hair, and various tubers, bulbs, and roots 
found in the African bush country. After the charcoal 
was made, it was burned on the windward side of the 
clouds so that its magic incense penetrated them from 
below. Livingstone scoffed and told the medicine man that 
the clouds were not charmed by his odorous smoke. He 
was amazed at the amount of rain which resulted from 
the experiment. The good doctor jotted down the formula 
and included it in one of his books. Thus, without realizing 
it, Dr. Livingstone wrote the first practical textbook on 
weather control. 

One hundred years later, in 1953, the scientists of the 
Water Resources Development Corporation placed twelve 
Waist-high pots in the desert near Lake Dallas, Texas. 
These did not contain bats or baboons, but the principle 
Was precisely the same. A pungent chemical mixture of 
Silver iodide was allowed to smolder, releasing a billowy 
smoke which drifted upward against the windward side of 
the clouds overhead. This smoke was created for 870 
hours. over a six-month period. A check of the water 
Storage showed that the level in the Dallas drainage basin 
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had increased over three hundred and fifty per cent. 
Other reservoirs near by had fallen or had barely held 
their own during the same period. 

With all his chanting of secret words and magic dances, 
Sechale had stumbled upon a scientific and extremely 
useful discovery. But it took a very long time for weather- 
men to grasp the idea, even though they had been con- 
fronted with it for many years. The Indians of the central 
plains had dotted their reservations with rain fires to coax 
the sulky rain god while they beat their tom-toms. Still, 
no forecaster ever made a prediction of rain based on their 
activities. These were considered just another wild native 
superstition, 

It remained for two European scientists, Walter Finder- 
sen and Tor Burgeron, to realize that the Indians and 
African savages might have something. Shortly after 
World War I, Bergeron explained that the vast bulk of 
moisture in the air existed as droplets so small that they 
are invisible to the human eye. The vertical movement 
within the great weather fronts, said Bergeron, caused this 
moisture to condense into clouds by the process of cool- 
ing. He visualized this action as being similar to that which 
occurs on the windshields of our cars when they become 
foggy on cold winter mornings. As the vertical movement 
continues, some of the water particles are carried into 
still cooler regions and another amazing phenomenon takes 
place. Instead of freezing at 32°, the normal freezing point 
of water, the droplets maintain their liquid form all the 
way to -39°. Water in this state is called supercooled; its 
formation baffles scientists to this day. 

Bergeron postulated that when the air-borne water 
droplets reached a given critical size, they fell as rain. The 
trick in rainmaking, then, was to find some artificial means 
of increasing the droplet size in the potential rain clouds. 

The two scentists quickly discovered that dust particles 
and other floating matter in the atmosphere act as con- 
densation nuclei, collecting water droplets into still large* 
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droplets, which soon become heavy enough to fall as rain. 
Ice crystals formed by the freezing of supercooled water 
droplets were observed to be very efficient drop-collectors. 
Perhaps the idea seemed too fantastic to practical men 
for the scientists were not able to obtain financial "i 
port for their experiments and nothing further was done 
until 1946. 

у In that year, the scientists of the General Electric plant 
in Schenectady revived the experiments by simulating the 
conditions of the atmosphere in the laboratory. Drs. Irving 
Langmuir, Vincent Schaefer, and Bernard Vonnegut con- 
ducted basic research on the subject, which culminated 
in the joint Army, Navy and Air Force effort called Pro- 
ject Cirrus. 

Some of these early experiments on supercooled clouds 
were fascinating in their simplicity. In the course of their 
studies, the General Electric scientists delved -into some 
very basic cloud physics. One of the things they could not 
explain was the high percentage of water clouds en- | 
countered at temperatures below freezing. If water freezes 
at 32°, why is it that clouds do not turn into ice crystals 
when they fall to this temperature? 

Dr. Schaefer produced some water droplets with tem- 
peratures below freezing in an ordinary home-freezer unit 
by blowing his breath into the cooler. The clouds formed 
at zero degrees but very few ice crystals were observed 
in the clouds themselves. Various substances, such as 
silica, carbon, graphite, and many others, were tried with- 
Out success as nuclei to initiate ice-crystal formation. 

One torrid July day the cold box was sluggish in its 
cooling-down process. To speed up the cooling, a piece of 
dry ice was placed in the box. In an instant the cloud be- 
came a mass of glittering ice crystals. Dr. Schaefer blew 
his breath into the cloud of ice crystals, but now, instead 
of becoming a water cloud, the cloud soon disappeared 
and condensed on the ice crystals. 

What caused this dramatic change from liquid to solid? 
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Subsequent work showed that water has a critical tem- 
perature of —39°. Below this temperature it will always 
turn to ice, even without the presence of dust or other 
foreign particles. Anything that will reduce the tempera- 
ture of the water below this figure will cause ice-crystal 
formation. 

Some rapid calculations showed that a piece of dry ice 
about the size of a pea can produce enough ice crystals 
to seed a cubic mile of clouds. With this thought in mind, 
Dr. Schaefer hired a private plane on the morning of 
November 13, 1946. The previous evening he had studied 
weather maps and temperature soundings and had found 
that a good possibility of supercooled clouds existed on 
the following day. The morning of the flight he made a 


final check on the weather and found a favorable situa- ' 


tion in the local area. His associates helped break up 
some dry ice into fine particles, and he and his pilot 
climbed into the plane. They took off and headed for the 
Mount Greylock area, while Dr. Langmuir observed from 
the ground. As they approached the potential seeding point, 
some isolated patches of altostratus clouds, several thou- 
sand feet thick, were observed, and they climbed over the 
top of these clouds. After making preliminary observa- 
tions to see if the clouds were composed of supercooled 
water droplets or ice crystals, they decided that the clouds 
were water-laden and began to sprinkle dry ice into them. 
After a few passes over the cloud deck, they flew off to 
one side to observe thé results of the seeding. 

Trailing wisps of snow were falling out of the base of 
the seeded clouds. The unmistakable signs of successful 
cloud-seeding were visible even to Langmuir at Schenec- 
tady some forty miles away. A quick glance at the nearby 
patches of unseeded clouds revealed no snow or rain 
falling. 

History was being made. Man now could directly alter 
nature’s plans. The sense of awe experienced by the 
General Electric scientists must have rivaled that felt by 


The Garden Planet / 183 
the nuclear scientists witnessing the explosion of the first 
A-bomb at Alamogordo, New Mexico. 

Further advances were rapidly made. Dr. Vonnegut 
discovered that water droplets could not distinguish be- 
tween true ice and silver-iodide crystals. Experimentation 
proved that silver iodide, burned from ground dispensers, 
sometimes produced rain even more efficiently than dry 
ice and at a much lower cost. Two pennies’ worth of silver 
iodide is enough to seed up to five hundred cubic miles 
of supercooled clouds. 

The experiments by Langmuir and Schaefer opened up 
a whole new branch of meteorology. Man was now in a 
position to do something about the weather besides just 
talking about it. 

Many authorities read a deep significance. into man's 
ability to unlock the treasure of air-borne moisture. They 
predict that the vast arid areas throughout the world may 
be transformed into food bowls to feed the growing popula- 
tion of earth. Storm control appears possible within the 
next forty years. The deadly hurricanes, tornadoes, and 
thunderstorms are all erected upon a foundation of super- 
cooled clouds. We may be able to alter the structure of 
these storms by seeding them, so that they collapse pss 
fore they become damaging. +; 

Perhaps the greatest benefit we can hope to gain is an 
€conomic one. The welfare of many nations rests on the 
narrow margin between plentiful food supply and famine 
Produced by a dry year. The great blight of our oy 
hunger, may be reduced by the successful application o 
Weather-modification projects. A practical rain-making 
Program which would insure ample irrigation in India and 
the Near Eastern countries might win us far more friends 
than any number of American dollars scattered over the 
dry rice paddies. з 

“The "eroe trillion tons of water in the air offer a 
bountiful harvest if we can successfully reap it. But the 
atmosphere contains even greater riches. More than a 
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fhousand trillion kilowatt hours of energy beat unceas- 
ingly upon the earth's surface each day, radiated by the 
sun. This daily flow of energy is comparable to all the 
known reserves of coal, oil, falling water, natural gas, 
thorium, and uranium on the earth. 

The possibiity of harnessing this vast solar energy has 
been the hope of scientists ever since it became apparent 
that the fuel supplies of earth were approaching exhaus- 
tion. Although a search for fuel is always on, newly dis- 
covered sources of power fail to replace the depletion of 
existing reserves by our growing industrial civilization. 
Even atomic energy offers little relief from this dilemma. 
The costliness of nuclear material for general usage, 
coupled with its limited supply, indicates only temporary 
relief. 

As a consequence, man has turned to the great quantity 
of energy which pours upon him from outer space; the 
Scientists who are searching to tap the sun's rays have 
followed many trails. Efforts have been made to trap the 
sunlight by enormous mirrors. These have been focused 
upon water to split its molecules into basic hydrogen and 
oxygen, which could then be burned as fuel. This process 
has been partially successful, but not more than one part 
in a hundred of the solar energy has been harnessed by 
means of it. 

During 1954 a development occurred which may be- 
come the most revolutionary of our age. This was the 
construction of the first solar battery. Compounded out of 
commonplace materials with no moving parts, it is a device 
which theoretically should last forever. Very possibly, with 
further development, it will open the door to the unlimited 
energy of the sun. 

The solar battery was developed by a scientific task team 
of the Bell Telephone Laboratories. The heart of this de- 
Vice is composed of very thin strips of silicon, the most 
common substance to be found on the surface of our 
earth. Each of these strips is about the thickness of 4 
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razor blade, and for some mysterious reason an electric 
current flows within them when they are exposed to sun- 
light. If they are linked together, they will provide power 
from the sun at the rate of fifty watts per square yard of 
exposed surface. The power generated represents six per 
cent of the total sun power falling on the battery. This is 
comparable to the energy our steam engines and gasoline 
motors extract from their fuels, with no engines to stroke 
and no dams to build. 

Although the solar battery is still a laboratory device, 
the Bell Telephone Laboratory scientists foresee vast pos- 
sibilities for its use in the future. Even in its present crude 
form, it has been used as a power source for a mobile 
radio transmitter. Already the telephone companies plan 
to install it as a battery charger on amplifier stations along 
rural phone lines. 

Ultimately, the applications for the solar battery as a 
power source are limitless. Incorporation of the silicon 
sheets in the roofs of private homes may supply all the 
requirements of lighting, electrical power, and heating for 
the lifetime of the house and for no additional expense. 
Conceivably, this revolutionary development may make 
electrical energy among the world's cheapest and most 
plentiful commodities. j 

During these years when man has been conquering his 
environment of gases, he has also been changing its form 
and texture. Serious concern has been expressed recently 
over the long-range effects of some of this pollution. The 
prime source of worry has been the recent experiments 
with atomic and hydrogen bombs; we have become fa- 
miliar with such phrases as the fallout effect and muta- 
tions due to radioactivity. There are many who say that 
exploding the big bombs is like pouring deadly arsenic in-- 
to a pond: the fish will surely die. 

Prince Louis de Broglie, a leading French physicist and 
Nobel Prize winner, believes that the danger mark has 
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already been reached for the world’s plant and animal life. 
He lists several causes for his concern. 

According to De Broglie, there is a possibility that the 
vast amount of nitric acid created by H-bomb explosions 
may upset the chemical balance of the atmosphere and 
scorch the earth’s vegetation. The billions of tons of 
debris thrown high into the upper atmosphere may form 
condensation nuclei to act as a gigantic, uncontrollable, 
rain-making project which produces far-reaching effects 
on the pattern of the winds. Also, this air-borne garbage 
may ultimately shroud part of the globe in semi-gloom, 
creating a new ice age of swift and terrible expansion to 
descend upon us. Not the least of his misgivings is as- 
sociated with the long-term effects of releasing gamma 
radiation into the air. There are sound reasons for be- 
lieving that even a small increase in the radiation content 
of the atmosphere will produce drastic changes for the 
future inhabitants of our globe. 

De Broglie's concern is echoed by other groups. The 
increase in air-borne radioactivity is already a serious 
nuisance to scientists who date ancient objects by means 
of radioactive carbon 14. This substance has a radiation 
lifetime of many thousands of years, and by analyzing 
fossils for carbon 14 it is possible accurately to date their 
origin. However, laboratories near the Nevada atom-bomb 
test site can no longer use this method. There is too much 
general radioactivity in the area. 

Similar experiences have been encountered on the 
eastern seaboard of the United States when radioactive 
clouds drift in overhead. So far, the activity has not been 
strong enough to injure health, but the delicate measur- 
ing apparatus in many laboratories gives false readings. If 
the big bombs are exploded in greater numbers, one of 
the results may be that scientists will have to abandon an 
outstanding method for dating ancient objects. However; 
this disadvantage will probably go unnoticed because of 
other results far more devastating. 
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Non-atomic pollution of the atmosphere is also a cur- 
rent hazard. Increasing world population and industrial 
expansion are releasing all sorts of pollution into the air. 
A great deal of this is in the form of carbon dioxide, and 
some scientists attribute the general warming of the earth’s 
climate to this cause. Temperature records kept during 
the past hundred years indicate a rise of two degrees. The 
great glaciers have been retreating along the northern rim 
of the world, and the cold-water fish are migrating north- 
ward. Industrial smog grows worse each year. It is esti- 
mated that the London smog carries with it more than 
five million tons of sulphur dioxide alone. To this must be 
added the soot, the ashes, and the other chemical waste 
which coat our buildings and our lungs. 

The prophets who predict the doom of the human race 
see much import in all of this. To be sure, there are many 
menacing elements in our universe for those who are in- 
clined to be afraid. But we who face the possible dangers 
of the H-bomb fallout are of the same caliber as those who 
discovered the timeless laws of electricity and mechanics. 
If we stand today in the face of destruction, we also stand 
at the threshold of space travel. This too will be of our 
own making. 

For most of his brief span, man has not understood that 
he lives within a sea of gases resembling in many ways 
the sea of water which encompasses the land. Indeed, 
during the infant days of his existence, he held many 
strange superstitions about the atmosphere which are in- 
credible to his enlightened brethren of today. 

But the real miracle is not that man was once without 
knowledge, but that he has managed to learn at all. It 
was truly remarkable when Copernicus decided that the 
world was round, for the globe reaches outward, flat and 
level, as far as the eye can see; its curvature could not be 
felt or known by any faculty other than the human brain. 
The discovery that the air has substance, just as the rocks 
of the mountains and the water of the rivers, was equally 
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wondrous, because air, like the faith in man’s heart, has 
neither shape nor color. Its structure has the texture of | 
a dream and its form is по more definite than flowing | 

| 


sand. 
The great tower of discovery reaches upward endlessly, 


and many hands labor to build it higher still. The achieve- | 
ments we have already recorded and the enterprise with- | 
in us now make it plain that vast new ages full of promise | 
lie before our race. And we will climb to meet them, even | 
though the stairs are dark and we have no light to guide | 
us, except that of our own courageous, questing spirit. | 

| 
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